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ABSTRACT  
Monitoring and Analysis of Land Subsidence and Landslide Hazard Using Differential 
Interferometric Synthetic Aperture Radar Data Observed with TerraSAR-X and ALOS 
PALSAR 
 
Natural disasters are increasing in their frequency and catastrophic impact in Indonesia. The 
availability of natural disaster database is still lacking in tropical regions, since mapping natural disaster 
over a large area requires a great deal of time and funding. In comparison, remote sensing data are now 
widely employed for various monitoring purposes, but they have not yet been utilized effectively and 
efficiently by end users. The employing of remote sensing data can contribute to mapping disaster 
attributes on a variety of scales ranging from community, regional and global scale. The advancement of 
remote sensing technology has contributed to a significant level in reducing the amount of destruction 
caused by natural disasters. The objective of this research is to measure the earth surface changes due to 
the natural disaster occurrences such as landslide and land subsidence surface deformation.  
The target areas of this study are urban area of Special Capital Region (DKI) of Jakarta and 
Kayangan Catchment area in Special Region (DIY) of Yogyakarta, Indonesia. Indonesia is prone to natural 
disasters due to its position of being squeezed geologically by three major world plates and this fact 
makes Indonesia one of the most dangerous countries regarding natural disasters. Local governments and 
responsible bodies are not able to monitor the area because of the lack of spatial information supporting 
the decision making regarding the land conditions. The lack of detailed and accurate susceptibility maps 
makes it generally quite difficult to evaluate the extent of area affected by floods or landslides, for instance.  
The method used in this research is Differential Synthetic Aperture Radar Interferometry 
(DInSAR). DInSAR is a technique useful for accurate detecting the ground displacement or land 
deformation in the antenna line-of-sight (slant-range) direction using synthetic aperture radar (SAR) data 
taken at two separate acquisition times. The DInSAR method is complementary to ground-based methods 
such as leveling and global positioning system (GPS) measurements, yielding information in a wide 
coverage area even when the area is inaccessible. This dissertation discusses the ability and advantage 
of DInSAR as an efficient and cost-effective method compared to conventional ground survey for disaster 
monitoring in a tropical area, especially landslides, land subsidence and related phenomena caused by 
natural disaster and human activities.  
However, the application of TerraSAR-X data to detect land subsidence in Jakarta has never 
been done in previous literatures. In this research, we propose a novel land subsidence and landslide 
monitoring approach using DInSAR analysis on X-Band, L-Band, comparing the accuracy with the results 
of GPS measurements and DInSAR using statistical analysis. The X-band TerraSAR-X data was used, 
because this data could produces more detailed scale or high spatial resolution for subsidence 
phenomena monitoring in urban area. We also used ALOS PALSAR data for landslide monitoring, 
because the data was operated in L-band wavelength that was suitable for monitoring of vegetation 
covered area. The DInSAR analysis is implemented using the TerraSAR-X data from 2010 to 2013. The 
result of satellite analysis is compared with ground survey data taken by previous study in 1997-2005 to 
confirm the reliability of the proposed method. In this research, we also suggest a new approach to 
analyze surface displacements due to landslides in Kayangan Catchment by using DInSAR processing of 
ALOS PALSAR data. The result of satellite analysis is compared with our ground survey data obtained in 
2009 to confirm the reliability of the proposed method. We discuss the advantages and limitations of 
advanced DInSAR processing on ALOS PALSAR imaginary. It is found that the DInSAR technique is able 
to map slight surface deformation for all type of landslides. 
TerraSAR-X and ALOS PALSAR images were processed to generate DInSAR data for 
measuring surface changes or land surface deformation. The results indicate that slight annual velocity of 
surface movement in both the Jakarta and Kayangan Catchment landslide cases are17.5 cm/year and 
57.9 cm/year, respectively. These movements have also been confirmed with the survey measurement in 
the field area. (add result of comparison between DInSAR and ground survey data, if any. In summary, 
this study has demonstrated the capability of the DInSAR method in monitoring earth surface deformation 
in landslides and land subsidence with a wide spatial coverage. The accuracy of the deformation detected 
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can further be improved by increasing the data availability with shorter revisit cycle, more accurate 
geodetic data and better performance of processing software. Validation data process proved that X-Band 
(TerraSAR-X) has low level score of standard error of estimation which indicate high accuracy data.  
 
Keywords: Monitoring, DInSAR Technique, Land Subsidence, Landslide, TerraSAR-X, ALOS 
PALSAR 
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ABSTRACT (JAPANESE)  
TerraSAR-XとALOS 
PALSARの差分干渉合成開口レーダーデータを用いた地盤沈下と地滑り災害の
監視と解析 
 
近年、インドネシア地域では自然災害の頻度と、それによる壊滅的な被害が増加して
いる。広域な自然災害のマッピングには多大な手間とコストが必要であるため、熱帯
地域での自然災害データベースの構築は依然として不完全である。これに対して、リ
モートセンシングデータは現在様々な監視目的において幅広く使用されているが、未
だエンドユーザーによって効果的、効率的に利用されるまでには至っていない。リモ
ートセンシングデータの活用は、地域社会から地球規模に至るまで様々なスケールの
災害特性マッピングに貢献できると考えられる。リモートセンシング技術の進歩は、
自然災害による被害の減少を高い水準で実現した。本研究の目的は、地滑りや地盤沈
下による地表面の変形、または地殻変動などの自然災害の発生による地表面の変化を
高精度に測定することである。 
 
本研究の対象地域はインドネシア・ジャカルタ首都特別州の市街地とジョグジャカル
タ特別州のカヤンガン流域の熱帯気候地域である。インドネシアは地質学的に3つの大
陸プレートの接触部に位置しており、また赤道直下にあることから地震、火山噴火、
台風、豪雨等の自然災害が多発する厳しい環境の国の一つである。しかし、地殻変動
または表面変化に関する判断に必要な地理情報が不十分であるため、自治体や災害対
策機関は正確に災害地域を監視することができていない。これは詳細かつ正確な防災
地図の不足によって、洪水や地滑りによる被害範囲の評価が非常に困難なためである
。 
 
本研究では差分干渉合成開口レーダ（DInSAR）解析手法を使用した。これは、異なる
時期に観測された合成開口レーダ（SAR）の複素情報データ２つを用いて、上空から
斜め下方向への視線に沿って地上における地殻変動（地盤沈下または隆起）を高精度
に観測できる有用な技術である。 
この手法によって得た解析結果は、水準測量やGPS測量などに代表される地上ベース
の観測結果や、人間が立ち入ることのできない地域を含めた広範囲の地理情報を補完
することができる。本論文では熱帯地域における地盤沈下と地滑り、そして人間活動
に起因する関連現象に対しての従来の調査方法と比較しながらDInSAR解析手法の性能
と費用対効果における優位性を例証する。 
 
本研究では、ジャカルタの地盤沈下の検出にXバンドのSARデータを初めて適用した。
これを含めて、本研究ではXバンドとLバンドのDInSAR解析手法による地盤沈下及び
地滑りの検出方法を提案し、その精度をGPS観測結果と統計情報を基にしたDInSAR手
法の結果とそれぞれ比較した。XバンドのDInSAR解析にはTerraSAR-
Xのデータを、LバンドにはALOS 
PALSARのデータをそれぞれ使用した。これらのデータを今回の研究で使用した理由
は、前者は都市部の地盤沈下現象を、より詳細な解像度で解析できるためであり、後
者は植生に覆われた地域の観測に有効なためである。まずXバンドのDInSAR解析では
2010年から2013年のTerraSAR-
Xのデータを使用し、この解析結果を1997年から2005年の間に行われた地上調査の結
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果と比較して有用性の検証を行った。また、本研究ではカヤンガン流域における地滑
りによる地表面の微小変化を、ALOS 
PALSARのデータを用いたDInSAR解析によって検出する手法を適用した。この結果に
ついても、2009年の地上調査の結果と比較することでその有用性を検証した。ALOS 
PALSARの虚数データを用いた応用的なDInSAR解析手法の優位性と制約について考察
した結果、DInSAR解析は地滑りによる僅かな変化を検出することが可能であることが
判明した。 
 
TerraSAR-XとALOS 
PALSARによるDInSAR画像処理の結果は、ジャカルタ市内における地盤沈下とカヤン
ガン流域における地滑りによる地表面の微小変化を示し、それぞれの年間変動量は17.
5cm/yearと57.9cm/yearであった。この現象は、対象地域における現地調査によって実
際に確認された。結論として、本研究は広範囲にわたる地盤沈下や地滑りによる地表
面の微小変化の監視におけるDInSAR解析手法の有用性を明らかにした。将来、人工衛
星の観測頻度の向上、測量データの精度向上、高パフォーマンスのDInSAR解析処理ソ
フトウェアの開発などによって、より微小な地表面変化の高精度解析が可能になるこ
とが期待される。 
 
 
キーワード： 災害監視、  DInSAR、地盤沈下、地滑り、TerraSAR-X、  ALOS PALSAR 
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Chapter 1.  INTRODUCTION 
 
1.1. Background 
Disasters, both man-made and natural are increasing in their frequency and catastrophic 
impact in Indonesia. Natural hazards like landslides, avalanches, floods and debris flows can 
result in enormous property damage and human casualties in mountainous regions (Matternicht, 
2005). Earthquake, flood, landslide, subsidence are only a few to mention (Walter et al., 2008; 
Abidin et al., 2009, Chini et al., 2008; US. Geology Survey, 2006; Tsuji et al., 2009). The term 
‗natural disaster‘ has been brought as a common vocabulary to our daily life as news bringing 
information on natural disaster is occurring in any parts of our planet recently. Planet Earth 
provides us with the air, food, warmth, and materials we need to thrive. But Earth can also 
generate catastrophic disasters, from tsunamis and landslides to tornadoes and wildfires, that kill 
people, damage the environment, destroy property, and disrupt normal life. Such disasters may 
be sudden and violent, like an earthquake or flood, or gradual, like drought or the spread of a 
deadly disease. Due to the lack or inadequate disaster prevention and mitigation strategies in 
Indonesia, the impact of disasters once they do occur is much greater than in other developed 
countries. Disaster detection and monitoring are essential aspect in disaster mitigation and it is 
conventionally done by ground survey. Nowadays, remote sensing plays important role in 
disaster mitigation. 
The subsidence phenomena in Jakarta have been studied using ALOS PALSAR data with a 
spatial resolution of 10 m (Bayuaji et al., 2010; Abidin et al., 2007). In comparison, the TerraSAR-
X data can provide a much higher spatial resolution of 1 m owing to the use of X-band SAR 
based on active phased array antenna technology (Hermann et al., 2007; DLR Cluster Applied 
Remote Sensing, 2006). The ability of TerraSAR-X data to analyze subsidence in urban area has 
been proved, for example, in Monells et al. (2010) and Herrera et al. (2010). Even though the 
TerraSAR-X has the shortest wavelength (3.1 cm), it has the highest spatial resolution than to 
other data. Since the launch in 2007, the TerraSAR-X data have been applied to several 
subsidence studies (Monells et al., 2010; Herrera et al., 2010). To the best of the authors‘ 
knowledge (Putri et al., 2013), however, the usage of TerraSAR-X data to detect land subsidence 
in Jakarta has never been reported in previous literatures. The X band is suitable for subsidence 
detection in urban areas as compared with L- or C-band DInSAR. Here the DInSAR analysis is 
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implemented using the TerraSAR-X data from 2010 to 2013. The result of satellite analysis is 
compared with ground survey data. 
The landslide phenomena in Kayangan Catchment have been studied using Geographic 
Information System (GIS) data using lithologycal map and Digital Elevation Model (Hadmoko et 
al, 2008; Ignasius and Nursa‘ban, M, 2012).  In this study the ability of ALOS PALSAR data is 
used to analyze surface displacement of landslide in Kayangan Catchment. In this research the 
advantages and limitations of advanced DInSAR processing of ALOS PALSAR imaginary has 
been analyzed for the detection and monitoring of landslides. The emerging Differential SAR 
Interferometry technique is able map slight surface deformation for a specific type of landslide. 
This technique can be utilized to create a landslide inventory database. To the best of the 
authors‘ knowledge, however, the usage of ALOS PALSAR data to detect landslide in study area 
has never been reported in previous literatures. The L-band is suitable for DInSAR for vegetation-
covered areas.  Here the DInSAR analysis is implemented using the ALOS PALSAR data from 
2007 to 2009. The result of satellite analysis is compared with ground survey data taken by 
recent study in 2009-2013 to confirm the reliability of the proposed method.  
Radar interferometry is an imaging technique for measuring the geodetic information of 
terrain by exploiting phase information of the backscattered radar signal from ground surface to 
retrieve the altitude or displacement of the objects (Bayuaji, 2010). Differential Interferometry 
Synthetic Aperture Radar (DInSAR) is one of well known radar interferometry techniques that 
allow us to investigate surface deformation phenomena with a centimeter to millimeter accuracy 
and with a large spatial coverage. It has been increasing used to monitor ground surface 
displacements, which may be caused by various natural disasters such as earthquakes, 
avalanches, landslide or human activities such as mining activities, groundwater extraction, etc. 
Typically, displacement information was being collected through field measurement which has 
many disadvantages such as time consuming, hazardous and few point locations. 
This dissertation will reveal the ability and advantages of DInSAR technique on TerraSAR-X 
and ALOS PALSAR data as efficient and cost-effective method for monitoring subsidence and 
landslide disaster in tropical area which were caused by natural disaster and human activities. In 
this research, we propose a novel land subsidence and landslide monitoring approach using 
DinSar analysis on TerraSAR X and ALOS PALSAR data. TerraSAR X data was used because 
the data produced more detailed scale for subsidence phenomena monitoring in urban area. We 
also used ALOS PALSAR data for landslide monitoring because the data was operated in L-band 
wavelength that was suitable for vegetation area. The DInSAR will be integrated with ground 
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survey data and Geographic Information System (GIS) to provide better result and analysis. The 
application of TerraSAR-X data to detect land subsidence in Jakarta has never been reported in 
previous literatures. The X-band is suitable for subsidence monitoring in urban areas.  We also 
suggest a new approach to analyze surface displacements due to landslides in Kayangan 
Catchment by using DInSAR processing of ALOS PALSAR data. We discuss the DInSAR 
processing application on ALOS PALSAR imaginary and make landslide triggering factors 
analysis.  In the future, further development of this dissertation is to create integrated system to 
reinforce subsidence assessment method and mitigate potential risk to infrastructure, live and 
environment.  
 
1.2. Natural Disaster Management  
Satellite images are used for prevention and preparedness, to assess the scope of potential 
disasters and help mitigate damage that could occur (Bayuaji, 2010). Upon occurrence of a 
disaster, the images are used to determine the extent of the damage and the location of refuge 
areas. In post-disaster management, they are used for reconstruction and sustainable 
development activities. Natural disaster management requires data acquired by remote sensing 
satellites. Information about potential dangers, such as climate, extreme weather, earthquakes, 
landslides, tsunami, volcanoes, and forest and land fires, is most relevant. By combining the 
satellite data with other information, Indonesia will be able to contribute to solving disaster 
problems. 
It is undeniable that recently these natural disasters occurred more frequently than ever 
before (Bayuaji, 2010; Abidin, 2013). Comprehending the nature of these disasters, we are 
hoping to be able to control what we can related to any negative impacts it may bring or at least 
we can mitigate and reduce the risk of the disaster. This is the term disaster management.  
Remotely sensed data play an integral role in reconstructing the recent history of the land 
surface and in predicting hazards due to flood and landslide events. Satellite data are addressing 
diverse observational requirements that are imposed by the need for surface, subsurface and 
hydrologic characterization, including the delineation of flood and landslide zones for risk 
assessments. Short- and long-term sea-level change and the impact of ocean-atmosphere 
processes on the coastal land environment, through flooding, erosion and storm surge for 
example, define further requirements for hazard monitoring and mitigation planning. The 
continued development and application of a broad spectrum of satellite remote sensing systems 
and attendant data management infrastructure will contribute needed baseline and time series 
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data, as part of an integrated global observation strategy that includes airborne and in situ 
measurements of the solid Earth. (Tralli et.al, 2005). 
Among the many types of disasters, there are two natural disasters are approached by using 
satellite remote sensing image processing technology, landslides and land subsidence. 
Landslides are now also popular due to its occurrences not only in mountainous areas but also in 
cities which bordered with weak supported slope triggered by high intensity of rainfall. Landslides 
usually damage or block the road when it relatively small debris flow but can also catastrophic 
when it brings huge amount of debris down slope. Mountainous areas specifically vulnerable to 
sediment related disaster. High slopes with loose material support are areas fond of landslides 
incidence. The landslide area in Kayangan Catchment has 1211 ha (49.59%) as high vulnerability 
area (Ignasius et al, 2012). The Center of Indonesia Statistic Agency (BPS) 2008 data showed 
around 78 % house hold working in agricultural sector and mostly 88% are living in rural areas. 
Although a significant portion of the landslides were formed in highest rainfall intensity condition, 
many of them show evidences of current activity favored by multiple natural and anthropogenic 
factors (e.g. fluvial erosion, excavation, overloading, enhanced infiltration). The landslide 
phenomena in Kayangan Catchment have been studied using Geographic Information System 
(GIS) data using lithologycal map and Digital Elevation Model (DEM) (Hadmoko et al, 2008; 
Ignasius and Nursa‘ban, M, 2012).  In this study the ability of ALOS PALSAR data is used to 
analyze surface displacement of landslide in Kayangan Catchment. In this paper the advantages 
and limitations of advanced DInSAR processing of ALOS PALSAR imaginary has been analysed 
for the detection and monitoring of landslides. The emerging Differential SAR Interferometry 
technique is able map slight surface deformation for a specific type of landslide. This technique 
can be utilized to create an landslide inventory database. To the best of the authors‘ knowledge, 
however, the usage of ALOS PALSAR data to detect landslide in study area has never been 
reported in previous literatures. Here the DInSAR analysis is implemented using the ALOS 
PALSAR data from 2007 to 2009. The result of satellite analysis is compared with ground survey 
data taken by recent study in 2013 to confirm the reliability of the proposed method.  
Land subsidence has detected in several major cities in Indonesia, also in the world and 
become major constrain to the development (Cascini et al., 2006; Marfai and King, 2007; Abidin, 
2008; Catani et al., 2005; Chatterjee et al., 2006). It can turn into disaster by damaging 
infrastructures; result in loss of homes, cause injury or loss of life. There are many factors 
causing land subsidence, naturally or man-made. Conventionally, detecting and monitoring land 
subsidence are done by ground survey which cost a lot of time and budget, sometime endanger 
5 
 
the surveyor. Remote sensing technology was demonstrated as alternative method. As for 
tropical region (high humidity and precipitation) such as Indonesia, the all-weather ability of SAR 
becomes great advantage as tool to monitor disaster corresponding to optical data. Jakarta is the 
largest city of Indonesia, inhabited by a population of 10.187.595 peoples in the year 2011 (Dinas 
Kependudukan dan Pencatatan Sipil Provinsi DKI Jakarta, 2011). As the capital city of Indonesia, 
Jakarta is a vital area for various government and economic activities. With urban development 
accompanied with the population growth in and around the city, however, concerns on various 
environmental problems have intensified during recent decades (Krank et al., 2009). Land 
subsidence is one of such problems of general public concern, and the problem is caused by 
several factors such as excessive extraction of ground water and natural consolidation of soil 
(Anisuzzaman et al., 2013). In addition, land subsidence can potentially be the cause of other 
problem such as change of topographic gradients, rupture of land surface, and reduction of 
aquifer capability of storing groundwater (Holzer et al., 2005). In Jakarta, land subsidence was 
one important cause of the disastrous flood that occurred in January 2013 (Geospasial Badan 
Nasional Penanggulangan Bencana, 2013). Hence, it is necessary to accurately detect and 
analyze land subsidence in the capital city for effective flood mitigation as well as for better 
planning of future urban development. 
Synthetic Aperture Radar (SAR) has known as a precious data source for disaster monitoring 
(Colesanti et al., 2006; Nicoll and Gens, 2005; Kimura and Yaguchi, 2000). The advantage of all-
weather operation of SAR has been shown in numerous studies for monitoring hurricanes, 
landslides, oil spill and earthquakes. Fusion between SAR and optical data has been applied 
extensively for flood monitoring (Chen et al., 2003). Interferometry SAR (InSAR) technology 
makes study on disaster monitoring more comprehensive on earthquake and volcanic eruption. 
Advance in Differential Interferometry SAR (DInSAR), further improvement of InSAR technology, 
makes the SAR ability on disaster monitoring far more useful. DInSAR technology has ability to 
detect earth surface deformation, leading the ability to detect the glacier movement, land 
subsidence and volcanic eruption.  
The microwave remote sensing has been proven to be complementing especially if supported 
by ground observation. The ability of Synthetic Aperture Radar (SAR) to provide high resolution 
images in all weather conditions gives advantages to monitor tropical regions. The applicability of 
ALOS PALSAR data provides medium spatial resolution and geometric accuracy imagery which 
supports well the landslide mapping. Since SAR is an active sensor that brings its own 
illumination, it is able to provide data day and night observation time. Operating based on 
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coherency of microwave signal, makes SAR sensor has other ability to detect the topographical 
and deformation changes by processing the coherency of signal phase. It leads to the 
development of Interferometry SAR (InSAR) and Differential Interferometry Synthetic Apperture 
Radar (DinSAR) techniques.   
Synthetic Aperture Radar (SAR) has the advantages of allday and all-weather, multi-
polarization and long-range propagation characteristics. SAR instrument can measure both 
intensity and phase of the reflected signal. In the past decades, SAR has been widely used in 
environmental monitoring, earth-resource mapping, and disaster mapping (Massonet et al, 1993; 
Ozawa et al, 1997; Rosen et al, 1999). DInSAR (Differential Interferometric Synthetic Aperture 
Radar), and  particularly advanced DInSAR are powerful techniques for detecting and measuring 
land surface displacement from the space over large areas with high spatial resolution. The 
advantages and limitations of conventional DInSAR for the periodical survey of slope movements 
were investigated by Rott et al. (1999) and Squarzoni et al. (2003). Advanced DInSAR techniques 
compute displacement time series using large sequences of SAR images. The results presented 
in several papers prove the practicality of advanced  DInSAR exploitation of ALOS PALSAR 
images for landslides monitoring and analysis their activity.  Detail information about SAR 
imaging and interferometry SAR are presented in Chapter 2. 
 
1.3. TerraSAR-X and ALOS PALSAR 
1.3.1. TerraSAR-X 
TerraSAR-X is a German satellite program that was commercially launched on June 15 th,  
2007.With its active phased array X-Band SAR antenna, TerraSAR-Xsystem is capable of 
acquiring data in three different imaging modes with different resolutions: Stripmap mode (SM), 
Spotlight mode (SL and HS) and ScanSAR mode. The cycle of its orbit repetition is 11 days and 
the platform‘s nominal orbit height at the equator is 514 km with 97.44o of orbit inclination. The 
satellite‘s instrument can operate in dual polarization mode (HV, VH) or single polarization (HH, 
VV).The bandwidth range of this satellite for experimental mode is up to 300 MHz, while 
maximum value for the standard mode is up to150 MHz. TerraSAR-X data provides high spatial 
resolution of about 3 m and its imagery has high geometric accuracy. Thus, TerraSAR-X is 
appropriate for detailed mapping of land deformation. 
The C-Band and L-Band of advanced SAR-satellite system generally have not 
commercial remote sensing applications. The L-Band has long wavelength (i.e. 23.6 cm) that is 
appropriate for deeper penetration of vegetated areas and reducing temporal decorrelation. On 
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the other side, the C-Band has shorter wavelength (i.e. 5.6 cm) that produces temporal 
decorrelation over vegetated areas. The effect from extremely short wavelength of TerraSAR-X 
can make this data has high sensitivity reaction from atmospheric substances like cloud and 
aerosol. However, the usage of C-Band and L-Band for academic research is constrained by their 
availability since they are not available in public domain. On the other side, there is X-Band of 
advanced SAR-satellite system that is available for monitoring research. Compared with L-Band 
and C-Band, X-Band has shorter wavelength (i.e. about 3.1 cm) and confers high sensitivity for 
land deformation. Figure 1.1 shows TerraSAR-X Acquisition Mode. The specific of TerraSAR-X 
system will be described in Table 1.  
Table 1-1. TerraSAR-X System Parameters. 
System Parameters 
Radar carrier frequency 9.65 GHz 
Band X-band 
Wavelength 3.11 cm 
Pulse Repetition Frequency (PRF) 2.0 kHz – 6.5 kHz 
Range bandwidth 150 MHz / 300 MHz (advanced mode) 
Polarization HH. VH, HV, VV 
Nominal antenna look direction Right 
Antenna width 0.7 m 
Antenna length 4.8 m 
Data access incidence angle range 15 - 60 
Incidence angle range for StripMap / ScanSAR 
modes 
20 – 45 full performance 
Incidence angle range for SpotLight mode 20 – 55 full performance 
Maximum achievable resolution (in range) 0.65 m – 1.5 m 300 MHz (advance mode) 
Azimuth resolution 1 m – 16 m depending on imaging mode, incidence 
angle, and number of polarizations 
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Figure 1-1 TerraSAR-X observation mode. 
1.3.2. ALOS PALSAR 
The Japanese Earth monitoring satellite program involve of two series: those satellites 
purposed mainly for marine and atmospheric observation, and those puposed mainly for land 
observation. The Advanced Land Observing Satellite (ALOS) was sent up with H-IIA rocket from 
the Japanese Space Exploration Agency‘s (JAXA) Tanegashima Space Center on January 24, 
2006. ALOS is the bigest satellite developed in Japan.  ALOS conduct three remote-sensing 
mechanisms: Advanced Visible and Near-Infrared Radiometer type 2 (AVNIR-2), Panchromatic 
Remote-sensing Instrument for Stereo Mapping (PRISM), and the Phased Array L-band Synthetic 
Aperture Radar (PALSAR). Detail about ALOS characteristic listed in Table 1.2. 
Table 1-2. Characteristic of ALOS PALSAR Instrument. 
Mode Fine ScanSAR Polarimetric 
Center Frequency 1270 MHz (L-band) 
Bandwidth 28 MHz 14 MHz 14,28 MHz 14 MHz 
Polarization HH or VV 
HH+HV or 
VV+VH 
HH or VV HH+HV+VH+VV 
Incidence angle 8 ~ 60 degree 8 ~ 60 deg 18 ~ 43 deg 8 ~ 30 deg 
Range resolution 7 ~ 44 m 14 ~ 88 m 100 m 24 ~ 89 m 
Swath 40 ~ 70 km 40 ~ 70 km 25 ~ 350 km 20 ~ 65 km 
Quantization 5 bits 5 bits 5 bits 3 or 5 bits 
Data rate 240 Mbps 240 Mbps 120, 240 Mbps 240 Mbps 
45
20o 
o 
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Figure 1-2. ALOS-PALSAR observation mode. 
 
PALSAR is an enlarge version of the JERS-1 SAR, advanced jointly by JAXA and the 
Ministry of Economy, Trade and Industry (METI). It is a fully polarimetric instrument, which 
conduct in 14- and 28-MHz bandwidths and L-band with 1270-MHz (23.6 cm) center frequency. 
The antenna be composed of 80 T/R modules on four panel segments, with a total size of 3.1 × 
8.9 m shows a time sequence of the actual spread of the PALSAR antenna in space, recorded by 
one of the onboard observing cameras mounted on the ALOS satellite body. PALSAR can be 
conducted in five different monitoring modes: Fine Beam Dual polarization (FBD), Fine Beam 
Single polarization (FBS), ScanSAR mode, Direct Transmission (DT) mode, and Polarimetric 
mode (POL). Figure 1.2 shows illustration of the ALOS-PALSAR observation mode. Table 1.2 
and 1.3 shows the detail characteristics of ALOS PALSAR.  
Table 1-3. ALOS PALSAR Characteristics. 
Item Characteristic 
Launch 24 January 2006 
Orbit Sun-Synchronous Sub-Recurrent 
Altitude 691.65 km (at Equator) 
Inclination 98.16 deg. 
Recurrence Cycle Repeat Cycle: 46 days 
Sub Cycle: 2 days 
Orbital position accuracy 0.78 m 
Data rate  240Mbps (via Data Relay Technology Satellite) 
120Mbps (Direct Transmission) 
Total weight at launch 4000 kg 
5.14 deg
7.2 deg
870 km
90 km
60 deg
FB #18
FB #1
8 deg
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1.4. Research Objectives  
The objectives of this research are to measure the surface deformation of land 
subsidence and landslide disasters. In general, this research attempted to investigate the 
capability of Differential Interferometric Synthetic Aperture Radar (DInSAR) technique using 
Germany X-Band SAR sensors satellite data (TerraSAR-X) and Japanese L-Band SAR sensors 
satellite data (ALOS PALSAR) to detect and measure any changes happened on earth  surface 
hence can be used for disaster mitigation and monitoring. The previous research used L-Band 
SAR Sensors to monitor the land subsidence and landslide without statistical accuracy analysis. 
In this research, we propose a novel land subsidence and landslide monitoring approach using 
DInSAR analysis on X-Band, L-Band, comparing the accuracy with the results of GPS 
measurements and DInSAR using statistical analysis. The DInSAR is used for two types of 
disaster namely land subsidence and landslide hazard. In spesifically, this research is intended to 
obtain one Geographic Information System layer from the DInSAR image processing result as an 
input for spatial analysis of land subsidence and landslide susceptibility map. The land 
subsidence and landslide map is generated over each area according to the DInSAR result. It 
leads to possibility on producing subsidence and landslide hazard map on investigated area. 
The landslide and land subsidence map is generated over each area according to the 
DInSAR result. The integration of SAR data with ground measurement using GPS are supposed 
to give complementary data and good validation to achievement better result. There are number 
of sources of interference or noises in DInSAR processing, such as atmospheric and 
decorrelation delay. Decorrelation characteristic is specific accordance to the study site. It 
includes spatial, volume and temporal decorrelation. The level of decorrelation varries depending 
upon many factors such as type of land cover, the local weather conditions, slope of terrain, etc. 
The selection of applicable interferometric pairs is determinated by temporal separations of the 
obtained SAR images as well as the characteristics of the site. The changes happen on the 
earth`s surface are expected to be calculated to give an accurate trend of the changes so we can 
mitigate and predict the available measure of disaster in the future. The research output is 
supposed to support disaster mitigation planner to provide disaster susceptibility map. 
 
1.5. Structure of Dissertation 
This dissertation is organized in this following manner. Chapter 2 contains the history of 
SAR imaging and radar interferometry, as well as basic theory of DInSAR process. The noise and 
decorrelation that gives an effect to the DInSAR result will be included in this chapter. Chapter 3 
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contains the study area description. Chapter 4 contains the methodology of this study and brief 
explanation about satellite data will be discussed in this chapter. Chapter 5 focuses on the results 
and discussions. This result will be arranged according to types of natural disaster with Jakarta 
Urban area land subsidence and Landslide hazard of Kayangan Catchment in Yogyakarta 
Special Province. Chapter 6 provides summary and conclusions. The structure of the thesis 
consists of 6 chapters in Figure 1.3. These chapters are described as following: 
 
Chapter 1 - Introduction 
This chapter contains a general idea of this research, from background and context, 
followed with research problem, objectives, questions, which this study concentrates on.  It 
continues with research design and time allocated for all research process, benefits and 
limitations of this study. 
 
Chapter 2 – Background and Basic Theory 
It provides the theoretical background from available literatures related with this research.   
 
Chapter 3 - Methodology  
This section presents the sampling method and research methodology.  Research 
method divides into three stages: pre-fieldwork, fieldwork and post-fieldwork. Each stage explains 
in deep discussion.   
 
Chapter 5 – Results and Discussion  
This chapter aims to achieve the objective of the research, which is to modeled the 
Landslide hazard of Kayangan Catchment Area using ALOS PALSAR image satellite and to 
modeled land subsidence hazard using TerraSAR-X in Jakarta Urban Area.  
At first, we modeled the land subsidence hazard condition of the research area using the 
SARSCAPE. The result of first model will be used to run the surface deformation measurement. 
The land subsidence mapping will be calculated using infinite DEM data and statistical 
measurement. Finally the result of the land subsidence mapping is Land Subsidence 
Susceptibility Map in Jakarta Urban Area. This results will be used to make disaster mitigation 
analysis. At second, we modeled the landslide hazard condition of the research area using the 
SIGMA SAR. The result of first model will be used to run the surface displacement measurement. 
The landslide modeling will be calculated using infinite DEM data and statistical measurement. 
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Finally the result of the Landslide model is Landslide Susceptibility Map with triggering factor 
parameters. It will be used to make disaster mitigation area and conservation method analysis.  
 
 
Chapter 6 - Conclusion and Recommendation 
This chapter provides the conclusions on result of this study and offers suggestions 
needed for further research. 
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Chapter 2.  BACKGROUND AND BASIC THEORY 
2.1. Synthetic Aperture Radar Interferometry  
Radar is an active sensor system using microwave signal to detects moving object, 
speed in range direction. Synthetic aperture radar (SAR) is referring to the radar with the concept 
of creating the effect of very long antenna by signal processing. Microwaves are electromagnetic 
waves with wavelength ranging from one meter to one millimeter. SAR system used the 
microwave wavelength. The electromagnetic spectrum is displayed in Figure 2.1. In this study, 
SAR is defined as an active imaging system using mentioned concept. It transmits 
electromagnetic waves towards to the Earth‘s surface and measures the backscattered signals to 
create the image terrain. It is independent of the Sun‘s illumination and capable of operating in 
both day and night. 
SAR exploits electromagnetic waves in the microwave portion of the spectrum in the 
range of K- to P-band as shown in Table 2.1. Microwave is able to penetrate through cloud and 
haze. Therefore, radar systems are also referred to as all weather and 24-hour imaging systems. 
Among the six microwave bands, the wavelength of K-band is close to the size of rain drops, 
especially in tropical regions, so that it is more sensitive to weather conditions; P-band has the 
longer wavelengths and tends to be affected and delayed by the ionosphere (Snoeij et al., 2001). 
As a result, most of spaceborne SAR system exploit the wavelengths from X- to L-bands.  
 
Figure 2-1. Electromagnetic spectrum 
 
The usage of synthetic aperture radar technique to obtain fine resolution measurement in 
two dimensions and interferometry to obtain the third measurement was first introduced by 
Graham (1974). Currently the interferometric synthetic aperture radar (InSAR) technology has 
LONGER SHORTER
Radio waves Microwaves Infrared Ultraviolet X-rays Gamma
Visible Light
WAVELENGTH (meters)
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been developed and used successfully for topographic mapping and measurement of terrain 
deformation caused by earthquakes, subsidence, volcano deflation and glacial flow (Zebker and 
Goldstein, 1986; Gabriel, Goldstein and Zebker, 1989; Zebker et al., 1994a, 1994b; Massonnet 
and Adragna, 1993; Massonnet et al., 1993, 1994; Massonnet, Briole and Arnaud, 1995; 
Goldstein et al., 1993). An intuitive introduction to InSAR theory and its applications can be found 
in Gens and van Genderen (1996), Rocca et al. (2000) and Burgmann et al (2000).  
Table 2-1. Microwave spectrum. 
Band Frequency (GHz) Wavelength (cm) 
P 0.3 – 1 100 – 30 
L 1 – 2 30 – 15 
S 2 – 4 25 – 7.5 
C 4 – 8 7.5 – 3.8 
X 8 – 12 3.8 – 2.4 
K 18 – 26.5 1.7 – 1.1 
 
Differential InSAR (DInSAR) is the further improvement of InSAR technology which 
allows the usage of radar interferometry to measure small-scale movement in vertical direction. 
Gabriel et al. (1989) explain the Differential InSAR technique for elevation changes mapping over 
large areas where SAR images was used to detect and measure very small deformation with over 
large swath (50 km) good resolution (10 m 
 
2.2. Radar Interferometry  
This dissertation used across-track interferometry. The across-track uses two images 
where the locations of the two acquisitions are separated perpendicularly to the flight direction. 
The useful information such as topography and displacement maps was used to be derived using 
across-track interferometry. Across-track interferometry will be explained in more detail in the 
following section. 
Radar interferometry requires at least two radar images. There are two methods in order 
to get the images, repeated-pass and single-pass. The repeat-pass method acquires in time by 
re-visiting the scene with a single antenna and the single-pass method acquires two images by 
using separate antennas mounted on an aircraft or spacecraft platform. Satellite radar systems 
are the typical repeat-pass systems as there is only one SAR antenna operating on the satellite. 
For a single-pass method, such as SAR interferometer onboard the Space Shuttle or an aircraft, 
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two images are obtained synchronously via two separate antennas: one sends and receives the 
signals while the other receives only (Figure 2.2a). A repeat-pass SAR interferometer obtain a 
single image of the same area twice from two separate orbits with minor orbital drift which forms 
the baseline B (Figure 2.2b); this is the case for ENVISAT ASAR, ERS-1 and ERS-2 SAR, ALOS 
PALSAR and RADARSAT. The concept of repeat-pas radar interferometry is presented in this 
section. Further detail on radar interferometry can also be found in (Zebker et al., 1994; Rosen et 
al., 2000). 
 
Figure 2-2. (a) The single pass SAR interferometer with both an active antenna, sending 
and receiving radar signals, and a passive antenna (separated by a distance B) 
for receiving signals only. (b) A repeat-pass SAR interferometer to image the 
same area from two visits with a minor orbital drift B. 
 
The geodetic information of the terrain can be exploited from phase information of two 
SAR images. The geometry repeat-pass InSAR configuration is shown in Figure 2.3. S1 and S2 
are the two images acquisitions with the altitude H and distance R1 and R2 from a resolution pixel 
on the ground surface with elevation h. the look angle of the antenna is θ and the angle of the 
baseline B, with respect to the horizontal, is . B is the perpendicular baseline between the two 
acquisitions. The elevation of the resolution cell can be determined by using basic trigonometry in 
Equation (2.1). 
To know the correlation between phase difference and the InSAR imaging geometry, let 
us examine an SAR system observing the same ground swath from positions S1 and S2, as 
BB
(a) (b)
 𝑕 = 𝐻 − 𝑅1 cos θ (2.1) 
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illustrated in Figure 2.3. The ground point A is then observed twice from distance R1 (slant 
range) and R2. The range disparity between the return radar signals for a round-trip is 2 and the 
determined phase difference  (interferogram) as: 
Or times the round-trip difference ― on 2  in radar wavelength ‖  
 SAR records both the amplitude and phase of the back-scattered signals from the 
resolution cell using complex values. Therefore, S1 and S2 can be represented in exponential 
from with the modulus a1 and a2 and argument B1 and B2 as: 
The interferogram, the phase difference between S2 and S2, is an interference pattern on 
fringes containing all the information on relative geometry. It can be measured by using 
conjugated multiplication of S1 and S2 as: 
where 
1𝑠𝑐𝑎𝑡𝑡𝑒𝑟𝑖𝑛𝑔
 and 
2𝑠𝑐𝑎𝑡𝑡𝑒𝑟𝑖𝑛𝑔
 are the offering of the scattering phases in both 
images. If S1 and S2 are highly coherent, then 
1𝑠𝑐𝑎𝑡𝑡𝑒𝑟𝑖𝑛𝑔
 and 
2𝑠𝑐𝑎𝑡𝑡𝑒𝑟𝑖𝑛𝑔
 can be committed 
as similar, hence: 
From the triangle S1–S2–A in Figure 2.2, the cosine theorem offers a completion for  in 
terms of the imaging geometry as follows: 
 (𝑅2)2 = 𝑅12 + 𝐵2 − 2𝑟𝐵 𝑐𝑜𝑠  
𝜋
2
−  𝜃 − 𝛼    (2.7) 
where R1 the radar slant range to a point on the ground , B is the baseline length,  the 
angle of the baseline with refer to the horizontal at the sensor and  the SAR look angle.  
Assuming R1 and R2 are perfectly parallel, then can be completed using the cosine as 
rule as mathematically : 
 (𝑅2 −  ∆R)2 = 𝐵2 + 𝑅22 − 2𝐵𝑅2 𝑐𝑜𝑠 900− ∝ +𝜃   (2.8) 
It can be interpreted by ignoring ∆R2 as (∆R/R1,2)2 ≪ 1, so: 
 



 
(2.2) 
 𝑆1 =   𝑎1 exp j b1  ;  𝑆1 =   𝑎1 exp j b1   (2.3) 
 𝑆1𝑆2 =   𝑎1  𝑎2 exp j b1 −  b2   (2.4) 
 
𝑏1 =  −
2𝜋
𝜆
 2𝑅1 +  1𝑠𝑐𝑎𝑡𝑡𝑒𝑟𝑖𝑛𝑔  (2.5) 
 
𝑏2 =  −  
2𝜋
𝜆
 2𝑅2 +  2𝑠𝑐𝑎𝑡𝑡𝑒𝑟𝑖𝑛𝑔  (2.6) 
 
 = 𝑏1 − 𝑏2 =  −
4𝜋

  𝑅1 − 𝑅2 =  −
4𝜋

 ∆𝑅  
(2.7) 
17 
 
 ∆R = −𝐵𝑠𝑖𝑛 ∝ −𝜃 +
𝐵2
2𝑅2
  (2.9) 
The baseline B consists of two components which are parallel B // and perpendicular B ⊥ 
to the look direction: 
 𝐵∥ = 𝐵 𝑠𝑖𝑛⁡(𝜃 − 𝛼) (2.10) 
 𝐵⊥ = 𝐵 𝑐𝑜𝑠⁡(𝜃 − 𝛼) (2.11) 
The Interferometric SAR data processing definitely determines the phase difference  
between adapting pixels between a fringe pair on SAR images to generate an interferogram. The 
applications of Interferometric SAR are largely based on topography and terrain deformation, the 
relationships between the interferogram , the perpendicular baseline B ⊥ and for which the 
baseline B , as an important role. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
2.3. Digital Elevation Model (DEM) and Radar Interferogram 
For spaceborne systems, the second term at the right hand side of the equation can be 
ignored as B is normally less than kilometer while R is about 500  800 kilometers, can be 
expressed as: 
S1 S2
θ
B
y
H
z
∆z
∆y
R1 
R2 
B∥ 𝐵⊥  
Figure 2-3. Geometry of across track SAR interferometry. Line-of-sight (LOS) of The Radar   
Beam. B – Perpendicular Baseline. The Inset Shows The Projection of ∆R in y 
and z. 
 
A 
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 ∆R ≈ −𝐵 𝛼 − 𝜃 = 𝐵𝑠𝑖𝑛 𝜃 − 𝛼 = 𝐵//    (2.12) 
The important application of interferometric SAR (InSAR) is to generate a Digital 
Elevation Model. It was showed from Figure 2.3 that the elevation of the observed point A can be 
derived as  
 𝑧 = 𝐻 − 𝑅1 𝑐𝑜𝑠 𝜃 (2.13) 
Equation 2.13 shows the height of the sensor above the reference surface (H). From the 
SAR interferogram , we can be defined d by rearranging (2.2) as 
 
𝛿 =
𝜆𝜙
4𝜋
.  (2.14) 
From the modifying equation (2.7) as a sine function of -, 
 
sin 𝜃 − 𝛼 =
R12 + 𝐵2 −  𝑅2 2
2𝑅1𝐵
. 
(2.15) 
The baseline B and slant range R1 are established for both entire fringe pair images, 
while the only variable  can be simply determined from inSAR phase difference ()  using 
Equation 2.7. Thus sin (-) is designed.  
Determining cos  can be expressed in Equation 2.13 as a function of  and sin(-),  
 𝑧     = 𝐻 − 𝑅1 cos 𝜃  
  = H − 𝑅1 𝑐𝑜𝑠 𝛼 + 𝜃 − 𝛼  
    = 𝐻 − 𝑅1 𝑐𝑜𝑠 𝛼 𝑐𝑜 𝑠 𝜃 − 𝛼 + 𝑅1 𝑠𝑖𝑛 𝛼 sin 𝜃 − 𝛼  
    = H − 𝑅1 𝑐𝑜𝑠 𝛼  1 − sin2 𝜃 − 𝛼 +  𝑅1 𝑠𝑖𝑛 𝛼 sin 𝜃 − 𝛼  (2.14) 
where  is derived by the imaging status and is a constant for the fringe pair images of 
SAR. In equation (2.14), the elevation z can therefore be expressed and sin(𝜃 − 𝛼) can be 
determined using Equations (2.13) and (2.14) from the interferogram. 
In interferogram SAR, we can use the above equations based on geometry concept to 
generate the elevation data and calculate each point in an image of the phase difference 
measurement. Figure 2.3 shows an interferogram produced from a fringe pair of ALOS PALSAR 
images. Numerically, the fringes develop in repeating 2  cycles and do not provide the actual 
phase differences which could be n times 2  plus the InSAR calculated phase difference. The 
fringe patterns are described as contour lines reflecting the mountain terrain. The phase 
information is registered in the SAR data as the principal phase values (p) within 2 and 
complex numbers can be approximated. The actual phase difference should expressed as:  
 
 
(2.15) 
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The slant range difference can be treated as identical, hence:,  
 
 
(2.26) 
The interferometric phase therefore needs to be unwrapped to abstract the modulo-2  
ambiguity so as to engender DEM data. For an impeccable interferogram modulo-2, unwrapping 
can be achieved accurately via a spatial-probing-predicated scheme but the diverse decorrelation 
factors assume that SAR interferograms are commonly noisy. In such cases, unwrapping is an ill -
portrayed quandary. There are many well-established techniques for the unwrap-ping of 
strepitous InSAR interferograms, each with its own merits and impotencies, but the search for 
more preponderant techniques perpetuates. There are additionally other rectifications 
indispensable, such as the abstraction of the ramps caused by the Earth‘s curvature and by the 
direction angle between the two paths as they are conventionally not genuinely parallel. 
 
2.4. Radar interferometry processing  
 Radar interferometry was introduced first time for topographic mapping by Graham 
(1947) and the numerous papers has been published since the European Space Agency (ESA) 
launched the ERS-1 C-band satellite in July 1991. Further detail about SAR interferometry theory 
and its application can be found in Gens and van Genderen (1996), Rocca et al. (2000) and 
Bürgmann et all. (2000). Differential interferometry Synthetic Apperture Radar (DInSAR) was 
adaptation of radar interferometry to measure small-scale movement in the vertical direction. 
Detail theory of DInSAR is described in Gabriel (1989). DInSAR has demonstrated its maturity in 
monitoring mining subsidence (Colesanti et.al., 2005), glacier movement (Berthier et.al., 2007), 
earthquacke (Tsuji et.al., 2009; Yen et.al., 2008), volcanic activities (Delaney and McTigue, 1994; 
Kobayashi et.al., 1999), etc. DInSAR also applied in land subsidence monitoring in populated 
area, since it becomes constrain in development (Abidin et.al., 2005; Cascini et.al., 2006; Chini 
et.al., 2008). The objectives of this research are to measure the land subsidence and landslide 
due to natural disaster using DInSAR. The land subsidence map is generated over each area 
according to the DInSAR result by using TerraSAR-X. The landslide map is also described over 
each according to the DInSAR result by using ALOS PALSAR. Simple method to estimate 
triggering factors of landslide also developed and applied in this study. It leads to possibility on 
producing subsidence and landslide hazard map on investigated and mitigation area.  
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2.4.1. Data Selection 
Interferometric pair can be composed by utilizing two radar images. In order to get good 
result short spatial, short temporal separations and low phase noise are preferred. Additionally, 
the utilization of SAR images acquired during or after rain should be evaded as the dielectric 
property of the ground is different from the images collected in drier conditions. Figure 2.4 shows 
an example SAR data processing of intensity image phase. 
 
2.4.2. Image Coregistration 
In order to measure the phase difference between slave and master SAR images, the 
two images have to be covered precisely at precision within a small fraction of a pixel. Massonnet 
and Feigl (1998) mentioned that there are three steps compulsory for SAR image coregistration: 
1) Estimating the geometric differences between the master and slave images. The 
Ordinary correlation of amplitude image patches can obtain accuracy near 0.03 pixels (Li 
and Goldstein, 1990).  
2) Resampling the slave image into the master‘s geometry. It is usually undertaken by using 
bicubic (Leong Keong et al., 1994) or bilinear (Lin et al., 1992) resampling methods; 
3) Modeling the geometric differences. A convenient way is to utilize a least squares 
arrangement to proximate distortion.  
 
2.4.3. Phase Difference (Interferogram) 
The interferogram between the two images can be created after the two SAR images 
have been covered accurately. The interferogram is measured using the conjugated complex 
slave multiplied by the complex master. In a process called ―complex multi-looking‖, we can 
calculate and average over neighboring pixels to repair the signal-to-noise ratio. The advantage 
of this filtering step is to acheve a square shape for the final pixel. The constant height of the 
terrain can be produce by the parallel fringes along the range direction in the interferogram 
measurement. The flat earth fringes are also indicated to as parallel fringes. Figure 2.5 shows 
the interferogram of area in Figure 2.4. 
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Figure 2-4. Intensity Image of SAR data. 
 
2.4.4. Coherence 
Coherence is another quantity to be estimated of the elementary targets within the pixel. 
This process phase involved in many interferometric signal processing steps and measure the 
quantify of local interferogram quality. The coherence phase can be calculated using Equation 
2.17 and it is the complex correlation coefficient of the two SAR images . The SAR image pair 
coherence of Figure 2.5 is showed in Figure 2.6.  
 *
1 2
2 2
1 2
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 
 
(2.37) 
 
2.4.5. Removal of Flat Earth 
In consequence of the geometry of InSAR system, the interferogram can be found a 
phase trend in range direction on the flatearth fringes removal process. This phase trend is 
commonly referred to as flat-earth fringes. The flatearth fringes are often subtracted from the 
interferogram before further processing. A ―flattened‖ interferogram result can be obtained after 
removing the flat earth fringes (Rosen et al., 2000). The flattened interferogram result from 
Figure 2.5 can be showed in Figure 2.7. 
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Figure 2-5. Inteferogram consisting flat earth fringes in slant range direction. 
 
2.4.6. Phase Unwrapping 
The phase unwrapping method is utilized to measure the continues phase difference. In 
this process can be solved 2π ambiguity inherent in the phase measurements. The the phase 
value in the range between 0 and 2π can be described in the interferogram result. This distinct 
phase is understood as "wrapped phase", which is indefinite by integer multiples of 2π. The idea 
of phase unwrapping process is showed in Figure 2.8. 
 
 
 
 
 
 
 
 
 
 
 
Figure 2-6. Coherence image of SAR image pair in slant range direction. 
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Figure 2-7. Flattened inteferogram. 
 
 
Figure 2-8. Phase unwrapping process. 
 
The height or deformation of the terrain can be calculated, if the whole phase of each 
pixel of the interferogram is identified. The phase unwrapping method can used the algorithm of 
Branch – Cut method by Goldstein and Werner (1998) with path-following techniques, and the 
algorithm of east – Squares estimation by (Eineder et al., 1998; Takajo and Takahashi, 1988) 
with minimum-Norm techniques. The result of phase unwrapping process of Figure 2.5 can be 
showed in  Figure 2.9.  
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Figure 2-9. Unwrapped phase image. 
 
2.4.7. Phase to Height Conversion 
The elevation of the terrain can be calculated using Equation (2.13). This step will be 
processed after  unwrapping phase of the interferogram. The deformation of the earth surface 
along the line-of-sight of the radar can be measured on Equation (2.14). The interferometry 
measurement  give information about  the relative height  diversity between the pixels. A tie-point 
is involved to obtain the whole height information.  
 
2.4.8. Geocode 
Principally SAR image is performed by slant-range projection which has a function to 
record the backscattered signals from radar viewpoint in range-azimuth coordinates. The record 
processing are processed in slant-range projection. Re-projected process into a standard 
geographic coordinate structure is referred to make an consequential effect on the radar 
interferometry result. The converting process of the image from slant-range projection into a 
standard geographic coordinate structure is called geocoding.  In the end of geocoding process, 
the result can be explained against other spatial data. The geocoded image of Figure 2.9 is 
showed on Figure 2.10. 
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Figure 2-10. Geocoded of unwrapped phase image. 
 
2.5. Decorrelation and Errors 
The process of radar interferometry uses the phase information between two SAR 
images to retrieve the height and terrain information. Radar interferometry result consisted of 
phase information from several sources such as an atmospheric heterogeneity, topography, land 
surface displacement, and noises. The result of this process is described in the interferogram 
result. The sample of phase components which more dominant than others based on the pair of 
interferometric characterics and modes can be described on the phases processing in 
consequence of atmospheric heterogeneity and land displacement measurement. They may be 
significant in repeat-pass systems, but it allowed insignificant in single-pass radar interferometry 
systems.  
The orbit and geometric errors can reduce the radar interferometry accuracy. The phase 
noises are also degrade the precision of radar ineterferometry measurement. The topographic 
residuals and atmospheric effect can become the error sources on the phase disturbances when 
the differential interferometric SAR is carry out. Hence, the radar interferometry quality is 
considered on whether the residuals and the phase noise of the unwanted phase components 
can be removed precisely. 
The interferometric quality of pixel in two SAR images can be estimated by calculating 
the correlation between the pixels. A direct measurement for the resemblance of the same image 
pixels between two SAR acquisitions can be called as the coherence process. The coherence 
26 
 
addition of the elementary targets within the pixel is described as the backscattered signal on 
each pixel area. Equation 2.17 can be used for coherence measurement. The  value of 
coherence is 1, it means there is no phase noise presented and the two pixels are totally 
correlated; the coherence value is 0 means there is only phase noise presented and two pixels 
are totally decorrelated. The decorrelation conducts to high phase noise and low coherence in 
images. 
 
2.5.1. Decorrelation 
Decorrelation is influenced by many factors such as complexity of the terrain, land use, 
local climate conditions, vegetation cover, etc. It follows the physical aspects condition of study 
area. In other words, decorrelation is more difficult for constantly changing climate conditions, 
complex terrain or an area having heavily vegetated cover. However, in the sparse vegetation 
and low levels of precipitation can preserve high coherence for over 4 years (Fialko, et al. 2001). 
The shorter wavelength (C-band) has lower correlation than the L-band signal in over a vegetated 
area. It is because the C-band wavelength is more proportional to the size of tree leaves. The 
type of decorelation can be categorized into three main classification: volume, spatial and 
temporal decorrelation. It can be described as Equation 2.18 (Zebker and Villasenor, 1992): 
 
SNR spatial temporal     
 
(2.48) 
 
2.5.2. Volume Decorrelation 
The phase stability of the imaging cell over time on the over vegetated regions is called 
volume decorrelation phase. The backscattered radar signals variation can be influenced from the 
positioning of tree branches and leaves in the canopies and the dielectric substances. it was also 
affected handily depends on the local weather conditions, such as wind and rain. Hence, the 
minimization of the random scattering phases variation can be resulted by a finer SAR imaging 
resolution. 
 
2.5.3. Spatial Decorrelation 
Spatial`  decorrelation is caused by the physical parting among the setting of the two 
SAR antennas. Figure 2.2 shows the physical parting condition based on the ‗baseline 
decorrelation error‘ (Gatelli et al., 1994).  
 
27 
 
2.5.4. Temporal Decorrelation 
Temporal decorrelation is affected by the surface deformation condition, particulary in 
vegetated area. The differences of the dielectric characteristics of ground object over time among 
two repeat-pass acquisitions. The sub-resolution characteristics of the sub-scatterers could 
replacement in the midst of surveys, e.g. by the motion of vegetation growth, the surface of water, 
branches and leaves. The random scattering phase offering ( 1scattering

and 2scattering

) 
can be represented in Equation 2.5 and Equation 2.6 describes the two SAR images start to 
decorrelate in the two images no longer cancel each other out. 
 
2.5.5. Processing Error and Thermal Noise 
The using of lowest noise receivers and greatest possible transmitter power can be 
aimed for reducing the thermal noise. The trade-off between data cost and system complexity can 
be described in processing and sampling artifacts (Zebker and Rosen, 1994). The noises of 
interferogram processing can be caused by processing artifacts, sampling artifacts and system 
thermal noise of the individual radar reflection before the noises are merged to form 
interferograms (Zebker and Rosen, 1994)  
 
2.5.6. Atmospheric Effect 
Interferometric phases differ with the range of the path between the ground objects and 
radar antenna. Electromagnetic radiation serves at a slightly different velocity in mediums with 
diverse values of refractive index. The radar microwave signal serves through the atmosphere 
variation of the electron density in water vapor in the troposphere or the ionosphere (Massonnet 
and Feigl, 1998), leads a transformation in the refractive index of the atmosphere. The results of 
this process are the different acquisitions of atmosphere can be served at the different speed of 
the radar signals. This phenomena can be showed as interferograms phase variation indeed a 
flat topography where no surface deformation obtains between the two radar acquisitions. 
 
2.5.7. Orbit Error 
The same shift of the retrieved digital elevation model (DEM) is influenced by a vertical or 
horizontal shift of the entire interferometer. Inexact orbit information of the synthetic aperture 
radar platform can reserve the baseline in the midst of the interferometric pair. The coregistration 
process of the two SAR images calculated along-track errors in the interferometry measurement 
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(Hanssen, 2001). The along-track errors can also be assumed as timing errors (Massonnet and 
Vadon, 1995). The error of across-track causes the parallel movement in orbital fringes to the 
azimuth direction or flight path. The result of an incorrect estimation of the radial and across-track 
velocities can be produced by the fringes perpendicular to the azimuth direction, i.e. parallel to 
the range direction (Kohlhase et al., 2003). The orbital fringes could not constantly assign parallel 
in consequence of the baseline vector change as a purpose of time in the two separate 
acquisitions. In the other words, the orbital fringes are more inconvenient to remove and model 
precisely. 
 
2.5.8. Geometric error 
The slope facing the antenna appears brighter and shorter in the image when a synthetic 
aperture radar antenna looks towards a steep terrain. It is caused by the timing of radar echo 
identifies an imaged object distance. Generally, an object which farther away to the antenna in 
the ground range direction would return the signal to the antenna later than the objects closer 
from the antenna. The objects with a lower altitude may be allowed farther away to the antenna 
than it should be geographically with affect to its enclosing objects. This reaction is named 
foreshortening.  The foreshortening occurs when the slope facing the antenna is steeper than the 
line perpendicular to the look direction. An extreme case of this effect applies when the radar 
incidence angle is gentler than the slope facing the antenna. The  geometric error caused by the 
mapping of radar is showed on Figure 2.11.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2-11. Geometric error of radar image. 
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Chapter 3.  METHODOLOGY 
3.1. Basics of DInSAR 
Differential interferometry SAR (DInSAR) techniques considered the composite of two 
radar images taken at different acquisition times. This technique is also based on the radar inter 
ferometer configuration of repeat-pass method. The phase information that registered in SAR 
images are interpreted to obtain the local topography or quantify and detect the surface 
deformation that has occurred between the two acquisition (DInSAR) (Raucoules et al., 2007). In 
the DInSAR application, it can be shown in Figure 2.6, when the terrain is destructed by an 
earthquake on a fault, then the displacement is interpreted directly as the phase difference 
between two SAR observations, made after and before the disaster. The satellite orbit is 
appropriately organized to make the two repeat observations from at least B⊥  or exactly in the 
same position. The phase difference quantified from Interferometry SAR (InSAR) is thoroughly 
generated by the displacement in the slant range direction, as described in Figure 2.5. However, 
the ideal zero-baseline case is not same to be the obvious situation at SAR sensor systems most 
of earth observation satellite. In Figure 3.1 shows the SAR observations of across-event method 
are created with a baseline B⊥≠0, and as a result the phase difference generated by the 
topography is mixed with the phase difference generated by terrain displacement.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3-1. Illustration of phase shift induced from terrain deformation, 
measured by differential InSAR. 
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30 
 
The phase difference process from two SAR observations to created the interferogram 
image before resist the phase difference reflecting on terrain displacement when the two SAR 
observations across the displacement occurrence should eliminate the topography. Topographic 
elimination can be attained from the unwrapped interferogram. The displacement maps 
(unwrapped interferograms) or differential interferograms can be performed as the result of 
differential interferometry SAR (DInSAR). The concepts of phase difference processing on 
DInSAR technique is not discussed based on the 2 wrapped main phase value but on the right 
phase difference. The feasible baseline range on post-event and pre-event SAR images, a cross-
event and a pre-event fringe pair can be represented on the interferogram images, based on this 
concept can be properly determined.  
The phase variation artefacts of interferogram result can be defined by the heterogeneity 
or turbulence on the atmospheric condition. Differentiates of the electron in the ionosphere and 
the water vapour density in the troposphere can caused the changing of refraction index in the 
atmosphere. Accordingly, the ground objects and the satellite is  travelled on the radar signals of 
the path may appear become dissimilar at the same tread but at diverse time based on the 
atmospheric condition diversity. The suspend of atmospheric can be recognized by the reality that 
its fringe structure is released over certain interferograms (Massonnet and Feigl) or using GPS 
networks can be patterned (Li et al., 2006). 
Here, the DinSAR have two type resolutions are deformation resolution and spatial 
resolution. Deformation resolution of DinSAR is based on the wavelength on the sensor. The 
better resolution in the some cases can be given by short wavelength. The ALOS PALSAR image 
has spatial resolution variation based on the observation mode. Spatial resolution of DInSAR is 
depend on the SAR sensor ability and observation mode in azimuth and range direction. The 
azimuth resolution is based on the process of the look number. The maximum resolution in range 
direction is 7 meter for fine beam single observation mode (FBS). 
 
 
3.2. Differential InSAR 
DInSAR analysis is implemented for two radar images obtained at different acquisition 
times. The phase information contained in each SAR image is examined to derive the local 
topography (InSAR) orto determine and estimate the ground displacement that has happened 
between the two acquisitions (DInSAR) (Raucoules et al., 2007). The DInSAR technique has 
been used since 1995 to detect surface deformation related to volcanoes phenomena (Tralli, et 
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al, 2003). Since then, the method has also been applied to the analysis of landslide events 
(Strozzi et al., 2005, Westen et al., 2008, Cascini et al., 2009). The phase difference between an 
InSAR data pair can be expressed as (Chatterjee et al., 2006) 
 ∆𝜙 = 𝜙𝑑𝑖𝑠𝑝 +  𝜙𝑡𝑜𝑝𝑜 + 𝜙𝑎𝑡𝑚 + 𝜙𝑛𝑜𝑖𝑠𝑒 + 𝜙𝑓𝑙𝑎𝑡  (3.1) 
where disp is the phase due to the ground displacement, topo is the phase due to 
topographical height change, atm is the phase due to atmospheric effect, noise is the phase due 
to noise from the radar device, and flat is the phase due to error associated with the assumption 
of the ideally flat earth terrain. In the process of extracting the ground displacement, the 
topographic (topo) and flat earth (flat) phase differences should be eliminated using the DEM 
data coupled with accurate satellite orbital data. Then, the ground displacement in the slant-range 
direction is converted to that in the vertical direction using Equation 3.1. 
In this study, SARSCAPE 4.3 software developed by Exelis Visual Information is used to 
employ the interferogram for land subsidence detection in Jakarta Urban area. JAXA SIGMA-
SAR software developed by Shimada (1999) is used to obtain the interferogram for surface 
displacement detection of landslide hazard in Kayangan Catchment. The conventional InSAR 
processing algorithms cannot be used directly in TerraSAR-X interferometry. This is due to the 
fact that TerraSAR-X data have a shorter wavelength and higher spatial resolution compared with 
conventional SAR data in the C-band or L-band. To relieve the noise from temporal temporal 
retardation and the instrument of radar ( noise ), the filtering process using Goldstein-Werner is 
used for processing the noisy interferogram (Goldstein and Werner, 1998). The phase difference 
is become DInSAR interferogram result which has phase cycle connectivity to ground 
deformation through the slant-range direction.  The DInSAR processing flowchart can be 
described in Figure 3.3,  where pre-existing digital elevation model (DEM) is employed for the 
topographic phase modelling. The digital elevation model with spatial resolution 90 m of Shuttle 
Radar Topography Mission (SRTM) is used on DInSAR processing. In this study DInSAR 
technique is refers to as 4-pass or 3-pass mode if the digital elevation model is obtained by 
Interferometry SAR. In another way, airborne laser scanning and aerial photogrammetry are used 
as the technique on 2-pass mode when the DEM is employed from other than interferometry SAR 
(InSAR). The narrow deformation phase explanation has become unwrapped formerly it can be 
changed to the height deformation phase through the slant range or the line-of-sight using 
Equation 2.6 on the radar system. The final height deformation map is produced after geo-
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referencing process. In this chapter, it is affected that surface deformation phenomena in this 
dissertation is generated by the vertical surface deformation.  
DInSAR technique acquired the differential interferograms from the original single look 
complex (SLC) images of X-Band data. The external digital elevation model (DEM) and the 
information of orbital as inputs in addition to the SAR images. The single look complex 
registration  adeptness are taken from the dissimilar point of view and variant times. The first fact 
condition might caused the equilibrate of global spatial among the quite different orbit of 
adeptness. The second condition generated offsets among pixels in consequence of the 
geometric SAR distortions. The process of SLC registration is implemented in several steps: the 
fine registration and the coarse registration.  The single look complex images are strained in 
azimuth and range till prevent the effects of Doppler and spatial centroid decorrelation.    The 
filtering is carried out over the SAR images, before to the interferogram creation process, till to 
obviate the unnecessary noise. Single look complex data is provided in its  specific coordinates 
system (slant range) with its axis called azimuth range bounded to the object to sensor distance 
and the orbital position sensor. This distinctly not appropriate reference when revealing the 
information of geographical. Geocoding are the methods capable to connect the coordinate 
systems and slant range coordinates. 
In this research various techniques are employed to remove other phase terms from the 
interferograms. The error of baseline indicates itself as long wavelength tracks more the 
interferogram which might be repealed using tie points but, the method could be utilized if in the 
interferogram has  a large amount of displacement signal. The various of X-band backscattering 
can be occurred of mis-registration in noise term, system noise and radar pulse condition. In this 
research used the TerraSAR-X data application to detect deformation movement nd the 
topographic can be measurable from digital elevation model.  In X-band data, the interferogram 
can indicate the atmospheric phase who has the alteration in the atmosphere refractive index in 
the two acquisitions. The delay condition of the atmospheric phase depend on several 
atmospheric factors such as the water vapours of atmosphere become the dominant error source 
in repeat-pass interfereometry. After topographic phase removal, interferograms are multilooked, 
filtered (5x5 moving average windows), unwrapped, and geocoded to UTM map. TerraSAR-X 
datasets are usually respected the speckle effect noisy  to extract digital elevation model 
straightly from them. Some noise traces in the interferogram proceeds after using multi-looking. 
The advance processing in bounded in order to generate accurate DEM (Goldstein and Werner, 
1998). After coregistration phase process, All the interferograms acquired with reverence to a 
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general master have been produced. The digital eleveation model phases have been repealed 
from each interferogram and 5m x 5m multilook window size has been utilized for noise reduction.  
The same size of window has been employed for the coherence estimation. The resulting 
residual phases have been calibrated and unwrapped with a reference point. The differential 
interferometry SAR (DInSAR) expression, after the flattening process (Zebker et al., 1994a) can 
be written as follow: 
 
𝛿𝜙 =
𝐵2⊥
𝐵1⊥
ϕ1𝑓𝑙𝑎𝑡 −  𝜙2𝑓𝑙𝑎𝑡 =  
4𝜋
𝜒
𝐷 
𝜙𝑓𝑙𝑎𝑡 = B.
4𝜋
𝜒
 θ − θ0   
 
 
 
(3.2) 
Here 1flat and 2flat are the unwrapped phase after the flattening correction (1flat :pre-
event and 2flat: cross-event interferograms); D is the potential deformation of the land surface; 
and 0 is the look angle to each point in the image regarding zero local elevation on the reference 
ellipsoid of the Earth. The perpendicular baseline ratio of the two fringe pairs is important for 
DInSAR processing because the phase difference (2) describes the different elevation refer to 
B. The processing displays the geometric displacement of the land surface and eliminates the 
stable topography. The differential phase difference () is properly the displacement (D), 
accordingly DInSAR can conduct the terrain displacement measurements at preferable than half 
the SAR wavelength at millimetres precision. For simplicity, the C-band SAR wavelength onboard 
ENVISAT is 28 mm and 56 mm displacement along the slant range will be interpreted to 2 
phase difference of C-band interferogram in a cross-event. In the other approach, if Digital 
elevation model (DEM) has a high-quality and availability data on the cover area observation, 1 
can be obtained from the DEM data with provided the baseline of the across-event fringe pair 
equal to the artificial baseline and assumed the geometry of radar image (Massonnet et al., 1993, 
1994; Massonnet, Briole and Arnaud, 1995). DInSAR is a simple phase difference processing in 
the midst of the simulated interferogram of topography (1sim) and the SAR interferogram  of cross 
event (2) : 
 
𝛿𝜙 = 𝜙2 − 𝜙1𝑠𝑖𝑚 =  
4𝜋
𝜒
𝐷 
 
(3.3) 
The stead of using a DEM to obtain 1sim are that it is not limited by the existence of 
appropriate SAR fringe pairs and that the integrity of 1sim is ensured without the requirement for 
unwrapping. The integrity of an interferogram SAR image is frequently declined by decoherence 
and unwrapping result will inevitably identify errors. Explicitly, the crucial condition fo DInSAR 
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technique is often recorded to confirm appropriate baseline measurement and is that the SAR 
imaging satellite position. In case the satellite can be observed to repeat precisely, allowed an 
common orbit, it can be called zero baseline interferometry SAR is obtained without the 
information of topographic and it is same as a DInSAR processing of displacement directly. In 
several applications, it is not constantly important to go by means of this rather difficult process to 
obtain the interferograms of differential SAR. The fringe patterns are partially very dissimilar and 
can frequently be parted for qualitative analysis when the finger patterns generated from terrain 
and topography displacement. The fringe interferogram patterns are frequently represent higher 
density than the topographic fringes when the terrain displacement generated fringes are 
translation directly from displacement to phase difference. In this study, we can utilize 
interferometry SAR (InSAR) for the purpose of differential interferometry SAR (DInSAR) with 
great integrity. Definitely, DInSAR can quantify displacement on a milimeter scale and it is mean 
the average displacement in the image pixel on the direction of SAR slant range. The disparity 
among interferogram phase is only in consequence of the topography: 
 
𝜙𝑡𝑜𝑝𝑜 =  𝜙1 −  𝜙2 =
4𝜋
𝜒
𝑕
𝑟0𝑆𝑖𝑛 𝜃
𝐵𝑖  
 
(3.4) 
topo conforms to the topography for an interferogram with a baseline Bi = B1 – B2. In 
order to acquired the real baselines of the topographical phase, topo has become unwrapped 
(
𝑡𝑜𝑝𝑜
𝑢𝑛𝑤
) and considered with the real baseline: 
 
𝜙𝑡𝑜𝑝𝑜 1 =  𝜙𝑡𝑜𝑝𝑜
𝑢𝑛𝑤  .
𝐵1
𝐵𝑖
 , 
 
(3.5) 
 
𝜙𝑡𝑜𝑝𝑜 2 =  𝜙𝑡𝑜𝑝𝑜
𝑢𝑛𝑤  .
𝐵2
𝐵𝑖
  
 
Here the phase appropriate to the deformation can be acquired for both interferogram as: 
 𝜙𝑑𝑖𝑠𝑝
1 =  𝜙1 − 𝜙𝑡𝑜𝑝𝑜 1   
(3.6) 
 𝜙𝑑𝑖𝑠𝑝
2 =  𝜙2 − 𝜙𝑡𝑜𝑝𝑜 2   
Atmospheric artifacts in synthetic aperture radar interferograms are particularly based on 
transformations in the refractive atmospheric index of the medium. These transformations are 
specifically induced by the temperature, water vapor and atmospheric pressure. In several cases, 
the spatial disparity of temperature and pressure are not high sufficient to lead strong, restricted 
phase gradients in synthetic aperture radar interferograms interferograms. Their consequents are 
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mostly slight in over magnitude equally deployed along the interferogram when comparing with 
that of the water vapor, and sometimes tough to be eminent from errors caused by orbit 
uncertainties. The artifact caused by restricted water vapor commonly controls the atmosphere 
effect in SAR interferograms. The atmosphere layers stratification of different vertical refractivity 
induces more atmospheric delays in hilly regions. Although water vapor is frequently exeamined 
the most significant parameter causing the tropospheric delays, there are cases, e.g., changes in 
tension among two acquisitions can produce a bigger tropospheric delay signal than humidity 
variation in regions with strong topographic. Due to the transmission delay of radar signals, the 
phase measurements appropiate to Equation 3.7 in repeat-pass SAR interferometry systems: 
 
1 =  
4𝜋
𝜆
 𝑆1 + ΔS1 ,2 =  
4𝜋
𝜆
 𝑆2 + ΔS2   
(3.7) 
ΔS1 and ΔS2 are atmospheric propagation delays of radar signals corresponding to the 
first and the second acquisitions. The interferometric phase ϕ can be derived as follows: 
 
𝜙 = 
1
− 2 =  
4𝜋
𝜆
 𝑆1 − 𝑆2 +
4𝜋
𝜆
 ΔS1 − Δ𝑆2  
(3.8) 
where 4π/λ(S1−S2) are topography and surface deformation induced interferometric phase, 
and 4π/λ(ΔS1−ΔS2) is the atmosphere induced interferometric phase. From Equation 3.8, we can 
see that the atmosphere induced phase errors are easily interpreted as topography or surface 
deformation. 
It is evident from Equation 3.8 The factor of SAR measurement errors can be caused the 
relative tropospheric delay in atmosphere (Δ S1 − Δ S2). If the atmospheric appearance reside the 
same at the two acquisitions, the comparative tropospheric delay will dissolve. In sececral 
condition, if ΔS1 − ΔS2= constant  in an area of interest for all the resolution cells, the atmospheric 
consequent will also be elimenate. The other conditions are, next to absurd to apply in the real 
application. First, the tropospheric water vapor, differs significantly more times of a few hours or 
shorter. Second, it is also rather infrequent for the comparative tropospheric delays to be fix for all 
the resolution cells due to local tropospheric turbulences. 
The description of atmospheric signals in a SAR interferogram the atmospheric effects 
distribution energy at various spatial scales. Two-dimensional fast fourier transform (2D FFT) is 
commonly utilized to assess the 2D power spectra of atmospheric signals. Goldstein et al., 1998  
first computed the atmospheric signals spectra in a SAR interferogram, and proved that the 
spectra attended a power law distribution. This characteristic is connected with Kolmogorov 
turbulences, showing the scale invariance. It is very evident that the signals based on the power 
law distribution condition.  
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The feature of power law spectral in the signals of atmospheric are very efficience. 
Ferretti et al., 2005  utilized the spectral feature to assess the atmospheric effects and thermal 
noise power, and extended a technique due to the results to integrate SAR DEMs in wavelet 
domain. Ferretti et al., 2005 also obtained the feature of signals to scheming filters to detached 
atmospheric effects from nonlinear displacements. The power law can be expressed as: 
 
 𝐸 𝑘 = 𝛼𝑘−𝛽  (3.9) 
 E(k) is the power; k is the spatial frequency; and β is the power exponent. The key 
indicator of data stationary is power exponent. The appraised spectral exponents range from 2.31 
to 2.66 so that the signals have this asset. Stationary increasing conduct to the structural function 
of stationary but do not interpret that the covariance and variance of the atmospheric signals can 
be trypicaly persevering. Hence, pay attention should be regarded when utilizing InSAR data to 
suppose geophysical models, where the process need the noise covarience.  
The parting among the deformations in DInSAR method is implemented by examining the 
feature in periods of temporal and spatial variability where  ligth of sigth (LOS) indicates 
characteristically a temporal and spatial correlation whereas atm is related through the space but 
unrelated with reverence to the time. Therefore a simple spectral filtration performed in the 
frequency domain is particularly adequate to reach the mensuration of the time series in every 
pixel. It is important show that the most serious part of the processing mode is showed by the 
unwrapping step. A correct unwrapping is basic to maintain the spectral feature of the signals. 
The unwrapping is therefore implemented on an appropriate infrequent grid where the information 
of phase is less assumed by noise and to this end the prepared coherence is utilized to recognize 
dependable and noisy areas. The branch cut algorithm technique was utilized the unwrapped 
processing in SAR data (Goldstein and Werner, 1998). The unwrapped phases were transformed 
to deformations in LOS direction. The Goldstein branch cut algorithm employed classical path-
following technique and assigns branch cuts among all residues detection. The algorithm avoids 
any consolidation path from intersection these cuts and all residues need to be complemented of 
the contact with the image border. This technique referred to reduces the sum of lack of weighting 
factors and the branch cut length that could be employed for leading the disposition of branch 
cuts. The algorithm leans to establish narrow regions by closed branch cuts. The phase of 
concern , is wrapped to the range (-,) such the measured can be expressed as: 
  𝑖 =   𝑖 +  2𝑘(𝑖) (3.10) 
37 
 
Where k(i) is an integer such that - <    and i is the array index. The unwrapped 
phase issue is to discover an assess (i) for the actual phase (i) from the calculated (i). the 
Goldstein‘s algorithm contain three meausures: (1) discover the residues, (2) conduct the branch 
cuts, and (3) Path-integrate around the branch cuts. The first step is to discover the residues in 
the images. Its residue charge will be acquired d by summing the wrapped phase dispariry 
around the closed path for the pixel at coordinate (i,j),. 
 
𝑞 =  ∆𝑘
4
𝑘−1
  
(3.11) 
The formula above can be written as follow: 
 ∆1= 𝑊 𝜓 𝑖, 𝑗 + 1 −  𝜓 𝑖, 𝑗   (3.12) 
 ∆2= 𝑊 𝜓 𝑖 + 1, 𝑗 + 1 −  𝜓 𝑖, 𝑗 + 1    
 ∆3= 𝑊 𝜓 𝑖 + 1, 𝑗 −  𝜓 𝑖 + 1, 𝑗 + 𝑗    
 ∆4= 𝑊 𝜓 𝑖, 𝑗 −  𝜓 𝑖 + 𝑖, 𝑗    
In the secondary action, the Goldstein algorithm first observes the phase image pixel by 
pixel until a residue is obtained. When different residue is discovered, it is involved to the residue 
at the center of the box in case the recent residue has been bounded to several other residue or 
not and in the latter occurrence, its polarity will be attached to the cumulative sum of the other 
residues. The residues are well known stable when the cumulative expense is zero. If the 
cumulative expense is not zero following the pursuit more the 3 × 3 box, the box is transfered to 
center at every of the difference residues in the prior box and investigated. The box is enlarged 
and focused at every of the residues, If the cumulative expense is still nonzero. This mode quites 
when one of the cumulative expense serves zero or a border pixel is confronted. The flowchart of 
unwrapping algorithm can be showed in Figure 3-2.   
The last measurement utilizes a flood-fill algorithm. First, a pixel is choosen and its phase 
is borned as the unwrapped mark. The are inserted into a list (adjoin list) and the four neighbors 
of this pixel are unwrapped and the pixels. Subsequently the algorithm will recurently choose a 
pixel from the adjoin list and unwrap and include its neighbors into the adjoin list if those 
neighbors have not been unwrapped. After all procedure, when the adjoin list serves blank, one 
of all the non-branch cut pixels have been unwrapped or there is a region narrowed by branch 
cuts. The narrowed regions can be unwrapped at large by beginning with one pixel in the 
repeating the process and region. The branch cut pixels are then unwrapped utilizing their 
unwrapped neighboring pixels. 
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Figure 3-2. Flowchart of Unwrapping Algorithm for TerraSAR-X. 
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Figure 3-3. Flowchart of DInSAR processing. 
 
 
3.2.1. DInSAR for Land Subsidence  
3.2.1.1. Data Processing 
We have processed four TerraSAR-X images recorded between 9 August 2010 and 1 
March 2013. The information of temporal and spatial baselines for the six pairs analyzed here 
is summarized in Table 1. The SAR interferograms are computed from the data taken on four 
different acquisition dates (9 August 2010, 13 June 2013, 14 December 2012 and 1 March 
2013). As seen from Table 3.1, each pair has different temporal and spatial baselines. 
Among the six pairs in Table 3.1, the third pair is the most reasonable one corresponding to 
the shortest temporal baseline of about 11 weeks and the shortest spatial baseline of about 
39.1 meter. The DEM was acquired from the Shuttle Radar Topography Mission (SRTM) with 
a grid resolution of 90 m.  
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Table 3-1. TerraSAR-X pair and baseline information. 
Pair Master Slave Temporal Baseline (week) Spatial Baseline (meter) 
1 20100809 20110613 44 110.5 
2 20100809 20121214 122 149.3 
3 20100809 20130301 133 138 
4 20110613 20121214 78 39.1 
5 20110613 20130301 89 248.1 
6 20121214 20130301 11 286.3 
      Note:  Date are given as year, month, and a day (e.g., 20100809 denotes 9 August 2010) 
 
The coregistration of TerraSAR-X images should be assisted with an extended digital 
elevation model (DEM). This provides the information on imaging geometry and topography 
indispensable for the precise determination of the terrain heights by removing the topography 
phase. In the present analysis, we employ the Shuttle Radar Topography Mission (SRTM) 
DEM with a grid resolution of 90 m. Precision ground-control points (GCPs) were obtained 
using geodetic GPS data from a campaign conducted between 1997 and 2005 (Abidin et al., 
2005). 
For DInSAR processing, we conduct the remote sensing software to obtain the 
interferogram by employing the DEM of the Jakarta region. The conventional InSAR 
processing algorithms cannot be utilized directly in TerraSAR-X interferometry: this is due to 
the fact that the TerraSAR-X data has shorter wavelength and higher spatial resolution than 
more conventional SAR data in the C- or L-band. The InSAR processing problems for 
spotlight data could be correlated to a conventional spectral filtering and co-registration 
modules (Jiang et al., 2010). For treating a noisy interferogram, we have employed the 
Goldstein-Werner filtering approach (Goldstein and Werner, 1998), with iteration in each 
process, to eliminate noise and smooth the interferogram. The coefficient adopted in the 
filtering process is 0.2. The phase unwrapping was carried out to derive the subsidence depth 
from the interferogram. The resulting slant-range subsidence depth was converted to vertical 
subsidence depth using Equation (3.14). The DInSAR interferogram result is in the form of 
phase cycles, each cycle being affiliated to ground displacement along the slant-range 
direction. The TerraSAR-X wavelength is 3.1 cm (X band) and hence, each cycle in the 
interferogram represents a ground displacement of 1.6 cm. 
The coregistration procedure in TerraSAR-X data must be assisted with an extended 
DEM (with information on imaging geometry and topography) for the precise determination of 
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the terrain heights by removing the topography phase. Precision ground-control points 
(GCPs) obtained using geodetic GPS during GPS campaign. 
 
3.2.1.2. DInSAR Technique Measurement 
In the first stage of the DInSAR technique, the phase data of SAR images are analyzed to 
derive the local topography (original InSAR). Subsequently, the phase difference between the two 
SAR data obtained at different acquisition times are employed to detect and quantify the ground 
displacement that has occurred in the slant-range direction between the two acquisitions 
(DInSAR) (Hay-Man, 2012). The two radar images are matched point by point to form the 
interferogram with the phase difference. The phase modification in the differential interferograms 
contains errors such as the DEM error in the digital elevation model (DEM) employed for the 
analysis, atmospheric error (or inhomogeneities if its effect is eliminated), residual orbital 
distortions and surface deformation. The phase difference between an InSAR data pair (ϕInt ) 
can be derived as follows (Raucoules et al., 2007): 
𝜙𝐼𝑛𝑡 = 𝜙𝑑𝑖𝑠𝑝 + 𝜙𝑡𝑜𝑝𝑜 + 𝜙𝑎𝑡𝑚 + 𝜙𝑛𝑜𝑖𝑠𝑒 + 𝜙𝑓𝑙𝑎𝑡                           (3.13)                                    
where disp is the phase due to the ground displacement, (topo) is the phase because of 
topographical height, atm is the phase due to atmospheric effect, noise the phase due to noise 
from the radar device, flat the phase due to error associated with the assumption of the ideally 
flat earth terrain. In the process of extracting the ground displacement, the topographic (topo) and 
flat earth (flat) phase differences should be eliminated using the DEM data coupled with accurate 
satellite orbital data. The result of DInSAR technique estimates the ground displacement in the 
slant-range direction. The ground displacement in the vertical direction, z, can be expressed as 
(Curlander and Mc Donough, 1991): 
                                              
cossz                                                  (3.14) 
where ∆s the slant-range change caused by ground displacement, and  is the incidence angle. 
In the present study, the entire incidence angle for the target area was in a rage of 20-45°. 
 
3.2.2. DInSAR for Landslide 
3.2.2.1. Data Processing 
The Phased Array type L-band Synthetic Aperture Radar (PALSAR) on board the Advanced 
Land Observing Satellite (ALOS) scheduled for launch in 24 January 2006 will be the Japanese 
second-generation spaceborne SAR following the Japanese Earth Resources Satellite-1 (JERS-
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1) SAR. The PALSAR is designed to achieve high performance and flexibility and the L-band data 
continuity of JERS-1. It provides higher performance than the JERS-1's synthetic aperture radar 
(SAR). Active phased array antenna equipment provides variable incidence angle ranging from 8 
to 50 degrees and allows ScanSAR operation. Especially, a full polarimetric function is the most 
challenging development. ALOS PALSAR Level 1.0 FBD data was the raw data of fine-beam 
dual-polarization mode (HH and HV) image.  
    
 
 
 
 
 
 
 
The ALOS PALSAR has demonstrated the advantage of L-band signals on SAR 
interferometry in vegetated areas. Based on the results from the ALOS PALSAR, applications of 
the PALSAR such as an environment monitoring, Earth science research will be enhanced. 
System characteristics and operational modes of the PALSAR and its expected applications are 
presented. In order to visually identify the affected area of the landslides, we utilized ALOS 
PALSAR satellite images. A pair of ALOS PALSAR images acquired on 20 Agustus 2007, 12 May 
2008, 12 Agustus 2008 and 15 Agustus 2008 were used to compare the pre and post event of the 
Kayangan Catchment landslide. The ALOS PALSAR Level 1.0 image was listed in Table 3.2. The 
PALSAR data were processed using SIGMA SAR. Finally, the multi-look intensity images were 
terrain corrected and geocoded using SRTM DEM data. 
 
3.2.2.2. DInSAR Technique Measurement 
There has been considerable amount of research implementing Differential 
Interferometry SAR (DInSAR) in the application of landslide mapping (Strozzi et al, 2005; Westen, 
2008; Cascini et al, 2009).  Synthetic Aperture Radar Interferometry (InSAR) is an established 
method for the detection and monitoring of earth surface processes. This approach has been 
most successful where the observed area fulfills specific requirements, such as sufficient 
backscattering, flat slope gradients or very slow changes of vegetation. Generally two SAR data 
acquisitions, called scenes or images, of the same area are required to generate interference 
No Scene Center 
Date
Observation 
Mode
Observation Path Center Frame 
Number
A/D 
Quality
Scene ID Product 
Level
1 2007/08/10 FBD
(HH, HV)
432 7020 Ascending ALSPSRP‘
082207020
1.0 (Raw 
Data)
2 2008/08/12 FBD
(HH, HV)
432 7020 Ascending ALSPSRP
135887020
1.0 ( Raw 
Data)
3 2009/08/15 FBD
(HH, HV)
432 7020 Ascending ALSPSRP
189567020
1.0 (Raw 
Data)
4 2008/05/12 FBD
(HH, HV)
432 7020 Ascending ALSPSRP
122467020
1.0 (Raw 
Data)
Table 3-2. ALOS PALSAR Data List. 
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fringes resulting from phase differences that can be interpreted as heights or displacements, the 
typical SAR geometry of master and slave scene with a short baseline for the detection of earth 
surface changes (Riedel and Walther, 2008; Colesanti and Wasowski, 2006).  
In SAR interferometry (InSAR), the phase data of SAR images are analyzed to derive the 
local topography (original InSAR) or detect and quantify the ground displacement that has 
occurred in the slant-range direction between the two acquisitions data called Differential-InSAR, 
(Agustan et.al, 2010). This technique has been used since 1995 to monitor surface displacement 
related to volcanic activity (Tralli, et al, 2003).  Figure 3.4 shows Geometry of across track SAR 
interferometry and line-of-sight (LOS) of The Radar Beam, Bn – Perpendicular Baseline. The 
inset shows The Projection of ∆R in y and z. The phase difference between an InSAR data pair 
for  landslide measurement used Equation 3.13. The result of DInSAR technique estimates the 
ground displacement in the slant-range direction  (Bayuaji et al, 2010 & 2012). The result of this 
process is generally called D-InSAR, which estimates the ground displacement in the slant-range 
direction. 
Here DInSAR processing has been performed on four different ALOS PALSAR level 1.0 
data from different acquisition years of 2007-2009 with the JAXA/SIGMA SAR processing 
software (Shimada, 1999). The flowchart of data processing is illustrated in Figure 5. After image 
coregistration, DInSAR inter-ferogram is generated from each data pair. These DInSAR images 
are filtered using Goldstein and Werner filter with preconditioned conjugate gradient (Singhroy 
and Molch, 2004). Then, the phase unwrapping process is implemented to recover the 
information on the ground deformation along the slant-range direction. In the case of ALOS 
PALSAR, the wavelength is 23.6 cm (L-band) and hence, each cycle in interferogram represents 
ground deformation of 11.8 cm. Finally all images are geocoded by conducting cubic convolution 
using Universal Transverse Mercator (UTM) transformation and by resampling the DInSAR data 
to 12.5 m resolution.  
DInSAR processing has been applied to 6 different level 1.0 data of ALOS PALSAR from 
different acquisition years of 2007-2009 with the JAXA/SIGMA SAR processing software 
(Shimada, 1999). Each pair of data went through the same procedure from image coregistrations, 
interferogram generation until phase unwrapping. Before phase unwrapping the DInSAR image 
was filtered using Goldstein and Werner filter with preconditioned conjugate gradient (PCG) 
(Singhroy and Molch, 2004). At the end all images were geocoded using cubic convolution with 
UTM transformation by resampling the DInSAR data to 12.5 resolution.  
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Figure 3-4. The geometry of radar interferometry. 
 
We processed four SAR images recorded on the ascending mode with single HH 
polarization. Interpretations of change detection and thematic designation are conducted over the 
study area to construct a landslide susceptibility map, with the surface displacement distribution 
from the DInSAR analysis. Using a GIS platform (ArcMap GIS 9.3 and ENVI 4.8 software), all 
spatial data layers such as landcover, structure, slope and geology data as well as DEM including 
field observation data are composed to form a GIS-based landslide inventory database. Our field 
observations of the landslide sites were conducted between 16 February 2009 (just after the 
heavy rainfall) through 21 February 2009 to observe landslide locations with their dimensions. 
Also, GPS measurements were made to detect locations that might  trigger slides in the future.  
Figure 3.5 shows flowchart of landslide detection measurement. 
Field survey were conducted in 2009, 2010 and 2013 by visiting the affected area 
specially for the GPS measurement of the crack incidences along the weak zone of prone areas 
that considered to be triggering slides in the future. The field survey that was conducted in August 
2009 and August 2013 was conducted by taking GPS measurements and sample material and 
the second visit was to obtain the crack locations and dimensions. The measurement was done 
by measuring the distance of the crack. Landslide in Kayangan Catchment area was not 
observed on a regular principle. The local people utilized to concern the gap and had to leap to 
the other part of the landslide crack. The deformation of the landslide crack is necessary to be 
evaluated as it is the sign of the surface movement.  
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3.2.3. DInSAR Validation 
 The validation data process can be calculated using the statistical analysis between 
DInSAR result and GPS data measurement. For every detected deformations trough 
comprehensive GPS data were collected +/- 6 months. For validation of TerraSAR-X results mold 
data for 6 month was not enough by reason of fast decorrelation after 11-33 days. The some 
parts of TerraSAR-X values, ambiguity faults must be improved manually. The differences among 
DInSAR and GPS results were interpreted statistically. The proportion between DInSAR and GPS 
data can be showed by line diagram analysis. Associating to individual GPS lines, TerraSAR-X 
and ALOS PALSAR will be represented with the difference plot due to variety of mean and 
standard deviation. The GPS and DInSAR result validation data analysis used the standard error 
of estimate technique. The standard error of the estimate is the accuracy measurement of 
predictions (Larsen et al., 2006). Recollect that the regression line is the line that reduces the 
sum of squared deviations of prediction. The standard error can represent a statistical limit that 
calculates the accuracy with which a sample represents a population. The standard error can be 
interpreted as a sample mean diverges from the actual mean of a population. The standard error 
of the assess is tightly respectived to this quantity and can be expressed in Equation 3.15: 
DInSAR
ALOS PALSAR
Vertical Displacement
Landslide Fringes Detection
Landslide Characteristic Observation 
(Fieldwork)
Volume Estimation
Slope Gradient Map Elevation Map Litologhy  Map Land use Map Road  MapDrainage Map
Terrain Parameters Measurement & Analysis 
Number of Landslide, Landslide Area and 
Landslide Density Analysis 
Figure 3-5. Flowchart of Landslide Detection Measurement. 
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𝜎𝑒𝑠𝑡 =  
 (𝑌 − 𝑌′ )
𝑁
 
(3.15) 
where the standard error of the estimate is σest, Y is an actual score (GPS result), Y' is a 
predicted score (X-Band and L-band results), and N is the number of pairs of values. The quatifier 
is the sum of squared disparity among the predicted values and the actual scores. Note the 
equality of the formula for σest to the formula for σ. It generated that σest is the standard deviation 
of the errors of prediction (each Y - Y' is an error of prediction). 
 
 
3.3. Research Phase 
3.3.1. Preparation and Data Acquisition 
a. Literature study 
b. Determination of the model accuracy. 
c. Data collecting. 
d. Field work preparation 
3.3.1.1. Data Processing  
 In this research detection of land subsidence and landslide hazard was based on the original 
terrain or topography, because the condition of this area were not naturally anymore, government 
have built the dike to protect area surrounding. Potential of land subsidence and landslide hazard 
area was created based on TerraSAR-X, ALOS PALSAR image satellite and original DEM. This 
stage consists a set of practical work describes below:  
a. Generated original DEM.  
b. Generated actual DEM  
 
3.3.1.2. Preparation Phase 
The preparation phase comprised such as literature study, ancillary data collection, and 
fieldwork preparation. The literature study most dealing with the land subsidence and landslide 
hazard, DInSAR technique measurement, TerraSAR-X and ALOS PALSAR data analysis, and 
GIS Mapping.  
 
3.3.1.2.1. Pre-Fieldwork 
Data Collection and Preparation Phase: 
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       Materials : 
1. TerraSAR-X, ALOS PALSAR, IKONOS, LANDSAT satellite image of study area 
2. Topographic map Scale 1 : 25.000 for Jakarta Province and Yogyakarta Province. 
3. SRTM satellite image with spatial resolution 30 meters (elevation information). 
Tools : 
1. Distance Calculation Equipment.  
2. Global Positioning Systems (GPS).  
3. Equipment specification computers with Core Duo Processor T2300E, 2 Gb RAM and 
100 GB hard disk capacity, and Arc GIS software version 9.3, software SIGMA SAR, 
SARSCAPE, and ENVI 4.8.  
3.3.1.2.2. Data Preparation 
a. TerraSAR-X and ALOS PALSAR image correction 
The beginning process or preprocessing as to make several satellite image can be used with 
correct data and give accurate information as geometric and radiometric correction. 
Processing of initial or pre-processing operations (preprocessing) is a conditioning operation 
to be used so that the image actually provides accurate information and radiometric 
geometrically. This is an image correction process either geometrically or radiometric, 
because this correction is an attempt to rebuild the spectral and the geometric appearance of 
the image as it should, then this correction is sometimes called a process of image 
restoration.  
b. Land cover  interpretation 
Land cover interpretation is very important to do before doing field survey. This interpretation 
used ALOS satellite image with spatial resolution 10 m and used 9 interpretation element of 
remote sensing. The land cover classification using Malingrau classification with modification.  
c.  Landform interpretation using Landsat and SRTM  &  hazard area detection using  TerraSAR-
X and ALOS PALSAR.  
d. Making Terrain Mapping Unit. 
e.  Sample Point Location Determination 
Location of  sample estimates of Land subsidence and landslide mapping  is obtained  by 
performing an overlay map of slope and  hazard area maps. 
f. Delineating the land cover for impact analysis of land subsidence and landslide area. 
 
Continued  Table 3.1. 
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3.3.1.2.3.  Fieldwork 
Sampling technique for land subsidence and landslide hazard area using image 
interpretation and Photogrametric method. Image interpretation in this research was done using 
IKONOS and ALOS PALSAR satellite image with SARSCAPE and SIGMA SAR processing 
software. SRTM satellite image with spatial resolution 30 meters can be used to get elevation 
information on hazard model. This step was done in order to get the detail geomorphologic 
features of research area, lineament and geological structure identification, and land use 
mapping. During this phase, ground control point (GCP) was collected for disaster analysis. The 
GCP was used to do DGPS measurement.  
 
3.3.1.2.4. Post Fieldwork 
After get the data in fieldwork, analyzing phase is needed in this section. Mitigation 
analysis of Land subsidence and landslide susceptibility map  can be arranged by estimation and 
validation data of land subsidence and landslide measurement of research area. 
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Chapter 4.  RESULTS AND DISCUSSION 
In this dissertation, the methodology is applied in two type disasters, land deformation disaster 
and landslide disaster. The study site of this disaster both located in tropical region and big city 
area, Indonesia. 
4.1. Monitoring of Land Deformation 
4.1.1. Description of Study Area 
Jakarta is located on the northwest coast of West Java province with geographical location 
between 106º33‘ 00‖-107º00‘00‖E longitude and 5º48‘30‖-6º24‘00‖S latitude. Due to its 
topographical conditions, the area is relatively flat in both the northern and central parts with 
slopes ranging between 0º and 2º. The altitude of southernmost area, on the other hand, is about 
60 m above sea level. The northernmost area has altitude below 20 m above sea level and the 
other areas are higher (Figure 4.1A). Geologically, the Jakarta urban area is shown in Figure 
4.1B, which is mostly dominated by alluvium fan sediment. This sediment type is younger 
sediments derived from streams sedimentation that is generally composed of alluvium. 
 
Figure 4-1. (A) Map of Jakarta basin and (B) Intensity image and geological map of 
Jakarta urban area. 
 
JAKARTA
BOGOR
A. Study Area B.  Intensity Image and Geological Map
Jakarta, Capital City of Indonesia
INDONESIA
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Jakarta urban area has 13 natural and artificial rivers used for delivering public water. This 
area has humid tropical climate with annual precipitation condition of about 1,755 mm, or 146 mm 
each month. The population of Jakarta has grown rapidly due to the urban development. Based 
on the census data taken in 2011, Jakarta has population density of 15,400 per km2. The most 
recent population density data of six districts in 2011 were ranging from 2,112 to 23,312 per km2.  
Land subsidence is one of the consequences of urban development in Jakarta. In 1926, a 
Dutch surveyor made estimation about the existence of land subsidence in Jakarta city (Abidin et 
al., 2005). The leveling measurement was employed in the course of 1982-1999 by scientific 
surveyors (Djaja et al., 2004). The GPS measurement of land deformation was also conducted 
during 1997-2005 for some selected areas in the city (Abidin et al., 2008). The previous research 
showed the ability of ALOS PALSAR (L-band) with DInSAR technique to detect the land 
subsidence in Jakarta but this research did not use the validation of data accuracy analysis 
(Bayuaji et al., 2010). In this research, we propose a novel land subsidence and landslide 
monitoring approach using DInSAR analysis on X-Band, L-Band, comparing the accuracy with 
the results of GPS measurements and DInSAR using statistical analysis. 
 Jakarta  is the country‘s  largest  city  and  the  political  and  economic  hub  of  Indonesia. 
The rest of Jakarta generally comprises low‐lying, densely populated  neighborhoods,  which  are  
highly  diverse  in  terms  of  income  levels  and  uses,  and  many  of  these neighborhoods are 
home to varied informal economic activities. The population of Jakarta is considered wealthy 
relative  to  neighboring  provinces  and  other  islands,  and  indeed  its  GDP  per  capita  is  
more  than  four  times  the national average. Jakarta is located in a deltaic plain crisscrossed by 
13 natural rivers and more than 1,400 kilometers of man‐made waterways.  About 40% of the 
city, mainly the area furthest north near the Java Sea, is below sea level.  Jakarta is prone  to  
flooding  from  water  draining  through  the  city  from  the  hills  in  the  south,  and  also  from  
coastal  tidal flooding.  The successful provision and management of services by the provincial 
government is lagging in most sectors. In spite  of  a  booming  economy  much  private‐sector  
property  development,  Jakarta‘s  spatial  planning  and infrastructure,  as  well  as  service  
provision transportation,  green  space,  affordable  housing,  clean  water, healthcare, and 
education have not kept pace with demand.   
 
4.1.2. Data Availability 
TerraSAR-X is a German satellite program that was commercially launched on 15 June 2007. 
With its active phased array X-Band SAR antenna, TerraSAR-Xsystem is capable of acquiring 
51 
 
data in three different imaging modes with different resolutions: stripmap mode (SM), spotlight 
mode (SL and HS) and scanSAR mode. The cycle of its orbit repetition is 11 days and the 
platform‘s nominal orbit height at the equator is 514 km with 97.44o orbital inclination. The 
satellite‘s instrument can operate in dual polarization mode (HV, VH) or single polarization (HH, 
VV). The bandwidth range of this satellite for experimental mode is up to 300 MHz, while the 
maximum value for the standard mode is up to 150 MHz. TerraSAR-X data provide high spatial 
resolution of 1-3 m and its imagery has high geometric accuracy. Thus, TerraSAR-X is 
appropriate for detailed mapping of land deformation. 
Conventionally, the C-band and L-band have been employed in commercial remote sensing 
applications of advanced SAR-satellite systems. The L-band has a long wavelength (23.6 cm) 
which is appropriate for deeper penetration of vegetated areas and reducing temporal 
decorrelation, while the C-band has a shorter wavelength (5.6 cm) that tends to produce temporal 
decorrelation over vegetated areas. Nevertheless, the usage of C-band and L-band for academic 
research is rather limited since often they are not available in the public domain. 
By contrast, data from advanced SAR-satellite systems based on X-band are available on a 
research basis. Because of its shorter wavelength (3.1 cm), X-band observation can lead to 
higher sensitivity. The disadvantage of short wavelength, on the other hand, is its higher 
sensitivity to atmospheric rain drops or aerosol/cloud particles. 
We processed four TerraSAR-X images of Jakarta urban area recorded between 9 August 
2010 and 1 March 2013. The information of temporal and spatial baselines for the six pairs 
analyzed here is summarized in Table 1. The SAR interferograms were computed from the data 
taken on four different acquisition dates (9 August 2010, 13 June 2013, 14 December 2012 and 1 
March 2013). As seen from Table 4.1, each pair has different temporal and spatial baselines. 
Among the six pairs in Table 4.1, the sixth pair is the most reasonable one corresponding to the 
shortest temporal baseline of about 11 weeks and the 4 th pair is the shortest spatial baseline of 
about 39.1 m. The DEM was acquired from the Shuttle Radar Topography Mission (SRTM) with a 
grid resolution of 90 m.  
The DInSAR processing using remote sensing software was conducted to obtain the 
interferogram by utilizing the SRTM DEM of the Jakarta region. The conventional InSAR 
processing algorithms can not be used directly in TerraSAR-X interferometry. This is due to the 
fact that TerraSAR-X data has shorter wavelength and higher spatial resolution compared with 
conventional SAR data in the C-band or L-band. To handle a noisy interferogram, we used the 
Goldstein-Werner filtering approach (Goldstein and Werner, 1998). Each process was iterated to 
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eliminate noise and produce smooth interferogram. The coefficient adopted in the filtering 
process was 0.2. The phase unwrapping was carried out to derive the subsidence depth from the 
interferogram. The resulting slant-range subsidence depth was converted to vertical subsidence 
depth using Equation 3.3. The DInSAR interferogram result was in the form of phase cycles, 
each cycle was affiliated to ground displacement along the slant-range direction. The TerraSAR-X 
wavelength is 3.1 cm (X-band) and hence, each cycle in the interferogram represents a ground 
displacement of 1.6 cm. 
The coregistration procedure in TerraSAR-X data must be assisted with an extended DEM 
(with information on imaging geometry and topography) for the precise determination of the 
terrain heights by removing the topography phase. Precision ground-control points (GCPs) 
obtained using geodetic GPS during GPS campaign. 
Table 4-1. TerraSAR-X pair and baseline information. 
Pair Master Slave 
Temporal 
Baseline (week) 
Spatial Baseline 
(meter) 
1 20100809 20110613 44 110.5 
2 20100809 20121214 122 149.3 
3 20100809 20130301 133 138 
4 20110613 20121214 78 39.1 
5 20110613 20130301 89 248.1 
6 20121214 20130301 11 286.3 
Note:  Date are given as year, month, and  day (e.g., 20100809 denotes 9 August 2010) 
 
4.1.3. Results and Discussion 
DInSAR interferogram for the data pair of 9 August 2010-13 June 2011 is shown in Figure 4.2 
for all the city area. The figure can be interpreted in the area where the color turns from blue to 
red, the ground moves far from the satellite. In the following, more detailed analysis is made for 
three particular locations in the region, corresponding to Pantai Mutiara (P1), Cengkareng (P2) 
and Cakung (P3). All of these points are in the northern part of Jakarta, having mostly sand bar 
and alluvium geological formations. Figure 4.2(b)-(d) indicates that all of these three regions are 
affected by land deformation that appears as fringe patterns in the DInSAR result.  
Although the residential population density is lower than that in the southern part, the economic 
activity in the northern area is very high, with a large number of commuters and unregistered 
inhabitants. Harbors and an airport are located in this northern area, along with trading, 
settlement, industrial, and slum areas. The slum area covers an area of 662 km2, approximately 
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35% of the total Jakarta urban area, and this high fraction causes many types of environmental 
problems in Jakarta (Suara Pembaruan, 2010).  
The land usage of Pantai Mutiara (P1) is luxury residence area, trading, seaport, and tourism 
resort area. Cengkareng (P2) has land use such as settlement area with more than 30,000 
households, besides trading and office regions. Cakung (P3) is the biggest industrial area in 
Jakarta, covering a wide area of more than 10.33 km2. 
   Figures 4.3. show the DInSAR results for each of the study areas, P1-P3, respectively. The 
subsidence occurrences in these are as expected, since they are formed on alluvial geological 
structure as seen in Figure 4.1(b). Generally, the subsidence continually occurs in Jakarta urban 
area, and the estimation of land subsidence becomes more inaccurate as temporal baseline 
increases. Several pairs produced results with considerable noise and many fringes that might 
have come up from atmospheric disturbance, but the other pairs have clear and good fringes.  
DInSAR results of Pantai Mutiara (P1) are shown in Figure 4.4. The longest spatial baseline is 
286.3 m for the data pair (f) 14 December 2012 -1 March 2013 and the shortest is 39.1 m for the 
data pair (d) 13 June 2011-14 December 2012. Very similar fringe patterns are seen for the pairs 
 
Figure 4-2. The observation area of TerraSAR-X data using DInSAR: (a) Jakarta urban area, 
(b) Pantai Mutiara [P1], (c) Cengkareng [P2] and (d) Cakung [P3].  
P1
P2
P3
(a) DInSAR interferogram (20100809-20110613)
P1
P2
P3
(b) Pantai Mutiara
(c) Cengkareng
(d) Cakung
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of (b) 9 August 2010 - 14 December 2012 and (c) 9 August 2010 -1 March 2013, characterized 
with longer temporal baselines of 122 and 133 weeks, respectively. The results in Figure 4.4(c) 
and (d) exhibit clear interference patterns in the northwestern part, though the number of fringes 
is somewhat different.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 Table 4.2 summarizes the subsidence rate in Pantai Mutiara estimated from each result 
shown in Figure 4.4(a)-(f).  The figure can show fringes area in the study area, it is mean the 
color turns from blue to red, the ground moves far from the satellite. The result varies between 
8.5 and 10.9 cm/year. The largest value of 10.9 cm/year has been observed for the pair (f) 14 
December 2012 -1 March 2013, having the shortest temporal baseline of 11 weeks and the 
 
Figure 4-3. DInSAR result of  TerraSAR-X data pair all pairs mentioned in Table 1. (a) Data pair on 
20100809-20110613, (b) Data pair on 20100809-20121214, (c) Data pair on 20100809-
20130301, (d) Data pair on 20110613-20121214, (e) Data pair on 20110613-20130301 and  
(f) Data pair on 20121214-20130301. 
 
20100809-20110613 20100809-20121214 20100809-20130301
20110613-20121214 20110613-20110301 20121214-20130301
(a) (b) (c)
(d) (e) (f)
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longest spatial baseline of 286.3 m. In 2010, the urban development scheme in the Pantai 
Mutiara region was a privately funded project comprising ten 30-story residential towers, a 40-
story landmark hotel, two 5-story serviced apartment blocks and an 11 ha central waterpark. The 
development area is located on an island off the Jakarta coastline and the reclamation there 
started in September 2006, covering an area of about 0.11 km2. Figure 4.4(h) shows the region 
of settlement area in the reclamation area of Pantai Mutiara.      
The effects of land subsidence in Cengkareng (P2) are more pronounced than other regions, 
as indicated in Figure 4.5. The figure can be interpreted in the area where the color turns from 
blue to red, the ground moves far from the satellite. Cengkareng is located in West Jakarta sub-
 
Figure 4-4. Pantai Mutiara DInSAR result for all pairs shown in Table 1. (a) Data pair of 
20100809-20110613, (b) 20100809-20121214, (c) 20100809-20130301, (d) 20110613-
20121214, (e) 20110613-20130301, (f) 20121214-20130301, (g) Annual change of the 
subsidence rate, and (h) Land use of  Pantai Mutiara area (Google Earth). 
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Table 4-2. Maximum subsidence rate estimation in Pantai Mutiara, Cengkareng and 
Cakung by using DInSAR. 
Pair 
Number 
Acquisition Date Pantai Mutiara 
Subsidence Rate 
(cm/year) 
Cengkareng 
Subsidence Rate 
(cm/year) 
Cakung 
Subsidence Rate 
(cm/year) Master Slave 
1 20100809 20110613 9.5 17.5 8.8 
2 20100809 20121214 8.5 11.5 9.2 
3 20100809 20130301 10.5 11.7 8.3 
4 20110613 20121214 9.3 10.0 7.7 
5 20110613 20130301 9.9 10.5 7.5 
6 20121214 20130301 10.9 11.8 9.5 
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district and covers a wide area about 27.9 km2. The maximum land subsidence rate of 
Cengkareng is 17.5 cm/year, which has been detected for the interference pair of (a) 9 August 
2010 - 13 June 2011. This subsidence can possibly be ascribed to the effects of human activities 
such as building construction and ground water extraction. According to the statistics in 2010, 
Cengkareng population density is 19,363 km-2. This area is characterized by landuse functions 
such as settlement (1.10 ha), industry (97.25 ha), trading area (328.92ha), agriculture (118.64 
ha), park area (31.90 ha), unused land (619.12 ha) and others (715.57 ha). Figure 4.5(h) depicts 
the settlement area. In addition, the construction of a new international airport was progressing in 
2012 in the area next to Cengkareng. Table 4.2 and Figure 4.5(g) show that the estimated 
subsidence rate in Cengkareng area and the result varies between 10.0-17.5 cm/year.  
The results of DInSAR analysis in Cakung (P3) are shown in Figure 4.6. The fringes area can 
be interpreted in the area where the ground moves far from the satellite can be showed in the 
color turns from blue to red.  The subsidence rate varies between 7.5 - 9.5 cm/year, as shown in 
Table 4.2 and Figure 4.6(g). The area illustrated in each panel of Figure 4.6 is relatively wide 
(42.47 km2), mostly used for industrial activities. The biggest industrial activity is found in 
 
Figure 4-5. Cakung DInSAR result of  TerraAR-X data pair all pairs mentioned in Table 1. (a) Data pair 
on 20100809-20110613, (b) Data pair on 20100809-20121214, (c) Data pair on 20100809-
20130301, (d) Data pair on 20110613-20121214, (e) Data pair on 20110613-20130301,  (f) 
Data pair on 20121214-20130301, (g) Graphic of Subsidence Rate 2010-2013, and (h) Land 
Use. 
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Pulogadung area, which has approximately 24,000 small and middle sized factories inside a large 
area of 6.86 km-2 (Jakarta Timur, 2010). In the 2010 census data, Cakung population density is 
11,919 km-2.The major landuse is settlement (45.27%) followed by industrial area (24.33%). 
Figure 4.6(f) depicts the settlement and industry area in Cakung. 
Figure 4.6 shows the results of the unwrapping process applied to pair 3, with two 
dimensional representations. The result clearly show that for P1-P3, there is only a single center 
point of the area subsidence, whereas two subsidence centers exist for P2 and P3. The 
unwrapping results shown in The contour information of unwrapping result can be shown in 
Figure 4.7. Figure 4.7 P1C1, P2C1-P2C2 and P3C1-P3C2 show the definitions as the subsidence 
center 1 (Shallower), subsidence center 2 (deeper) and P1-P3 as subsidence at the upper part. 
The largest coverage of subsidence area occurs at P2 (Cengkareng) with a coverage of about 
5.65 km2 in Center 2 (P2C2). The large coverage of subsidence  area in P1 has approximately 
1.93 km2 and P3 is 0.91 km2, respectively. Table 4.3 summarizes the observation point of 
subsidence coverage area information.  
The values of land subsidence rate derived from the GPS measurement (Abidin et al., 
2005) conducted between December 1997 and September 2005 are shown in Figure 4.8 in 
comparison with the present DInSAR result (August 2010 -March 2013). The comparison can be 
carried out in two ways, namely, as a time series and the subsidence rate. All of the results of 
GPS measurement at the three points (P1-P3) indicate the occurrence of land subsidence (Abidin 
et al., 2005). The maximum subsidence rates calculated from the DInSAR results, on the other 
hand, are in a range from 9.5 to 17.5 cm/year. Figure 4.8 shows that the highest land subsidence 
occurred in Cengkareng (P2) as indicated in both the GPS and DInSAR measurements. 
According to a government report, land subsidence phenomenon in Jakarta is caused by several 
factors such as excessive ground water extraction, land cover change, consolidation of alluvial 
soil and building construction (Ministry of Education and Culture Indonesia, 2013). 
 
 
Table 4-3. The Observation Point of Subsidence Coverage Area Information 
 
Point Name Area Specification Subsidence coverage 
area (km  )
Maximum Subsidence
20100809 - 20130301 (cm/year)
P1 Pantai Mutiara Residence, trading and 
port
1.93 10.9
P2 Cengkareng Settlement 5.65 17.5
P3 Cakung Industry and Settlement 0.91 9.5
2 
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Figure 4-6. Result of unwrapping process. 
(P1) Unwrapping DInSAR 20100809 - 20130301 (P1) Interferogram DInSAR 20100809 - 20130301 
(P2) Unwrapping DInSAR 20100809 - 20130301 (P2) Interferogram DInSAR 20100809 - 20130301 
(P3) Unwrapping DInSAR 20100809 - 20130301 (P3) Interferogram DInSAR 20100809 - 20130301 
25       20      15     10       5        0       5   cm
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Figure 4-7. Land subsidence contour. 
 
Note :       C1 : Subsidence Center 1
C2 : Subsidence Center 2
Pantai Mutiara (P1)
C1
C2
C1
Cengkareng (P2) Cakung (P3)
C1
Coordinate : 6, 6’ 38.526’’ S 
106, 48’ 54.652’’ E
Coordinate : 6, 10’ 52.328’’ S 
106, 55’ 7.469’’ E
6, 8’18.006’’ S 
106, 47’20.005’’ E
 
Figure 4-8. Chart of land subsidence rate taken from GPS measurement (December 1997 - 
September 2005) and maximum rate from the DInSAR result (August 2010 - March 
2013). 
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Figure 4.9 shows a comparison between the land subsidence information and flood 
inundation in January 2013. The subsidence map is from the DInSAR result for the pair 14 
December 2012 - 1 March 2013, and the flood map is from a government section for Jakarta City 
(BNPB, 2013). From this figure, a correlation can be seen between land subsidence and flooding 
inundation in the northern part of Jakarta urban area (Tempo, 2013). However, such a correlation 
is rather weak for other areas in Jakarta, where flooding areas are mainly located along the 
flooded rivers. Figure 4.10 described land deformation impacts area in the northern part of 
Jakarta.  
The various of human activities such as construction working and groundwater pumping 
should have influenced the local displacement phenomena in Jakarta, as in the event of large-
scale cities (Delinom et al., 2009; Herrera et al., 2008). The primary lead of subsidence in Jakarta 
has not be expressed because of the complex characteristic of the phenomena. However, the 
result of the present study verily recommends that the human activities and land use change are 
affecting the geomorphological changes in Jakarta city. Figure 4.11 shows the groundwater well 
distribution map of land subsidence area. The wells distribution monitoring can be explained 
based on groundwater map which shows the settlement and wells distribution condition in the 
province of Jakarta includes 36 locations (48%) in the irregular dense residential areas, 39 
 
 
Figure 4-9.  Comparison between (a) the observed land subsidence (DInSAR technique for the 
data pair 20121214 – 20130301) and (b) flooding map based on the observation on 18 
January 2013 (BNPB, 2013). 
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location (52%) included in the regular dense residential areas. In both of these types of 
settlements throughout the area ground water sampling sites location in more dense residential 
areas, except in North of Jakarta has  irregular settlements area. The type of wells in Jakarta 
Province are divided into 4 types: dipper wells, hand pumps, suction pump and jet pump. In 
research area has 11 wells (15%) dipper wells, 15 hand pump wells (20%), machine pump 23 
wells (31%), jet pump 3 wells (4%).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Point 1 (Pantai Mutiara) is a luxury setllement area on a beach reclamation region. This 
area included on salty groundwater area and has low sedimentation area with 0-3 m of thickness. 
The wells condition in Pantai Mutiara can be found 1 dipper well and 1 jet pump well in the middle 
area. Cengkareng (Point 2) is settlement area and this location has the international airport. The 
 
 
Figure 4-10. Land deformation impact areas in northern part of Jakarta urban city: (a) Pantai Utara, 
(b) Cengkareng, (c) Cakung, (d) flooding in northernpart of Jakarta urban area in 
January 2013 as one of land deformation impacts, and (e) flooding area in Cakung (P3). 
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goundwater in Cengkareng can be included on plain water cathegory in the high plain 
sedimentation (7-12 m). The research area has 1 dipper well and 2 jet pump wells in center of 
subsidence area. Point 3 (P3), Cakung, is located in northeast part of Jakarta with the major 
landuse activity as industry area. Cakung included on high plain sedimentation (7-12 m) and has 
plain water taste. The P3 (Cakung) has 2 big jet pump wells in center of subsidence area. 
At the ground level, land subsidence impacts in Jakarta can be seen in several forms. 
The subsidence damage appears as cracking in infrastructures such as buildings and streets, 
with considerable degradation in the environmental quality. Subsidence along coastal areas in 
northern part of Jakarta, in particular, is problematic since the degradation in infrastructures 
makes the regions more vulnerable to erosion associated with sea-level rise phenomena. 
Pictures in Figure 4.11 show degradation of various infrastructures in the consequence of land 
subsidence phenomena seen in the northern part of Jakarta observed during 1 September 2010 -
15 December 2010. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4.12 shows the landuse urban planning map of land subsidence area. Based on 
landuse urban map of Pantai Mutiara (P1) in land subsidence area has city function as central 
business district and settlement area. Point 2 (P2), Cengkareng, is cultivation and settlement 
 
Figure 4-11.  The groundwater well distribution map of land subsidence area. 
Soil Sedimentation Region:
I     Low Sedimentation 0-3 m (Salty) 
II    High Plain Sedimentation 7-12 m
III   Plain Sedimentation 7-12 m
IV   Slope Sedimentation 12-25 m 
(Tasteless)
V   Surface Sedimentation > 25 m 
(Tasteless)
Source : BPHLD, 2010
Old Well Distribution 
New Well Distribution 
P1:  Land Subsidence Area of
Pantai Mutiara
P2:  Land Subsidence Area of
Cengkareng
P3:  Land Subsidence Area of
Cakung
P1
P2
P3
Groundwater and Well 
Distribution Map
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area. The overlay mapping information on the map showed Land subsidence area in Cakung (P3) 
has city function as industry and trading area. In 2013, domestic investment is more focused on 
construction and other services. and office real estate sector is the largest investment in the 
country in 2006. lot of land this year in Jakarta are built for real estate and office. construction 
sector plays a dominant domestic investment in 2013, while in 2012 the investment was allocated 
to the construction of the hotel and industrial sectors. trade sector plays an important role in the 
Indonesian capital investment is 60.61%, and office real estate sector amounted to 27.5% and 
11.98% of industrial sectors.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4.13 shows the population density map of land subsidence area. Based on the 
statistical data on the population density of Jakarta Province, Pantai Mutiara (P1) has a 
population density 8.635 people/km2. Point 2 (P2), Cengkareng has a population density 19363 
people/km2. Cakung (P3) has a population density number 11.919 people/km2. The population of 
Jakarta Province has increase in every year. Based on population statistic data (BPS) in 2010 
amounted to 9.78 million people in Jakarta Province. Distribution of population on administrative 
area, South Jakarta, JakartaTimur, and West Jakarta has a population of over 2 million. The 
terms of population density, Central Jakarta and West Jakarta has a density of over 18000/km2. 
 
Figure 4-12. The landuse urban planning map of land subsidence area. 
Landuse Urban Planning Map 
of Jakarta Province
P1:  Land Subsidence Area of
Pantai Mutiara
P2:  Land Subsidence Area of
Cengkareng
P3:  Land Subsidence Area of
Cakung
Landuse Urban Planning Region:
Source : Directorat Generarl of Civil
Aviation Jakarta  Province, 2011
Conservation Area
Cultivation Area
Capital City Business Area
Settlement Area
City Garden and Settlement Area
Central Business District Area
Office, Business, and Service Area 
Agriculture Area
Fishery Area
Industry and Trading Area
Non Vegetation Area
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P2
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The composition of the population of Jakarta was dominated by the productive age population 15-
64 years by 72.52%.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
To validate the DInSAR results and leveling of GPS measurements were collected in 
study area. Diferrential interferometric SAR displacement results were georeferenced to local 
GPS coordinate  system and eventually imported into the geographic information system (GIS) 
database together with the ground data. The analysis of validation data were proper utilizing 
convention developed graphical GIS tools.  More validation details to ALOS PALSAR DInSAR 
see (Walter et al., 2008)  and TerraSAR-X DInSAR see (Wegmüller et al., 2008).  
For every point detected deformations area trough comprehensive GPS data were 
collected +/- 6 months. Every pair existent X-Band acquisition appropriate GPS terrestrial leveling 
date with a time gap 5 days (TerraSAR-X) was examined. Seventh profiles along GPS terrestrial 
leveling track could be obtained for X-Band DInSAR results. Figure 4.2 described one of X-Band 
measurement example. Despite the fact larger time term disparities, a good corespondence 
among the DinSAR results and the GPS terrestrial leveling was monitored. Overestimation of 
vertical deformations of X-Band was generated by partly decorrelation after a distance of P1) 
2450 m, (P2) 3500 m, and (P3) 1190 m (Figure 4.15). Figure 4.14 described the cross section 
profile map of land subsidence contour on TerraSAR-X DInSAR result. 
 
Figure 4-13. The population density map of land subsidence area. 
Population Density Map 
of Jakarta Province
P1:  Land Subsidence Area of
Pantai Mutiara
P2:  Land Subsidence Area of
Cengkareng
P3:  Land Subsidence Area of
Cakung
Population Density Region:
Source : BPS, 2010
2.400 people/km
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The dissimilarity at bisecting line in Figure 4.16 indicate obviously better result for X-
Band. The TerraSAR-X with highest temporal and spatial resolution represents several necessary 
advantages appealed to the other sensors. In proportion to L-Band on the previous research, 
significantly more DInSAR  could be detected with X-Band especially for urban regions, but also 
for regions with high deformation gradients and rates. In research areas with high displacement 
gradients X-Band DInSAR could be more reliably unwrapped than L-Band differential 
interferograms. Validation proved very good results for X-Band (TerraSAR-X) with a standard 
deviation of about (P1) 2.62 cm, (P2) 4.91 cm, and (P3) 3.93 cm. The standard deviation also 
interprets the standard error of estimation. The standard deviation described us how deployment 
a distribution of values is with reverence to the distribution mean. Figure 4.17 described the plot 
analysis variation for land deformation in Jakarta Province. 
 
Figure 4-14.  Cross section Profile of Land Subsidence Contour on TerraSAR-X result. 
(P1) Unwrapping DInSAR 20100809 - 20130301 (P2) Unwrapping DInSAR 20100809 - 20130301 
(P3) Unwrapping DInSAR 20100809 - 20130301 
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Figure 4-15.  Comparison of GPS (red) with TerraSAR-X  DInSAR results (blue) [cm]. 
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The disparities between GPS terrestrial leveling measurement and DInSAR results were 
interpreted statistically (Table 4.4). The standard error can represent a statistical limit that 
calculates the accuracy with which a sample represents a population. The standard error can be 
interpreted as a sample mean diverges from the actual mean of a population.  Describing to 
individual GPS leveling lines X-Band results indicated decrease variability of standard deviation 
and mean values appealed to GPS measurement result.  
 
 
 
 
 
Table 4-4. Statistical Validation Data of TerraSAR-X DInSAR Result. 
 
 
Type of Sensor Validation Points Mean (cm) STDEV(cm)
TerraSAR-X 8 -7.85 5.06
GPS 8 -7.30 4.32
No GPS TerraSAR-X STD GPS STD TerraSAR-X Predicted Y Squared Error
1 -12.50 -10.90 27.04 9.30 -13.49 6.71
2 -6.30 -9.50 1.00 2.72 -3.14 40.49
3 -7.90 -8.50 0.36 0.42 -5.81 7.24
4 -9.60 -10.50 5.29 7.02 -8.65 3.43
5 -6.80 -9.30 0.25 2.10 -3.97 28.39 intercept -1.01
6 -9.20 -9.90 3.61 4.20 -7.98 3.69 slope 0.80
7 -8.40 -8.70 1.21 0.72 -6.64 4.23 steyx 1.64
8 2.30 4.50 92.16 152.52 0.83 13.48
SUM -58.40 -62.80 130.92 179.02 SUM  (Squared Error) 41.22 SE 2.62 cm
PantaiMutiara (P1)
Cengkareng (P2)
Cakung (P3)
Type of Sensor Validation Points Mean (cm) STDEV (cm)
TerraSAR-X 8 -10.26 5.98
GPS 8 -8.59 4.25
No GPS TerraSAR-X STD GPS STD TerraSAR-X Predicted Y Squared Error
1 -13.3 -17.5 22.21 52.38 -10.61 47.40
2 -11.7 -11.5 9.69 1.53 -9.56 3.76
3 -7.9 -11.7 0.47 2.07 -7.06 21.54
4 -9.6 -10 1.03 0.07 -8.18 3.32
5 -6.8 -10.5 3.20 0.06 -6.33 17.35 intercept -1.71
6 -9.2 -11.8 0.38 2.36 -7.91 15.09 slope 0.67
7 -10.8 -12.5 4.90 5.01 -8.97 12.47 steyx 1.52
8 0.6 3.4 84.41 186.66 -1.31 22.14
SUM -68.70 -82.10 126.27 250.14 SUM  (Squared Error) 144.67 SE 4.91 cm
Type of Sensor Validation Points Mean (cm) STDEV (cm)
TerraSAR-X 8 -7.71 4.48
GPS 8 -6.37 2.79
No GPS TerraSAR-X STD GPS STD TerraSAR-X Predicted Y Squared Error
1 -8.2 -9.5 3.34 3.19 -6.36 9.86
2 -5.6 -8.8 0.60 1.18 -4.51 18.44
3 -6.9 -9.2 0.28 2.21 -5.43 14.19
4 -5.4 -8.3 0.94 0.34 -4.36 15.50
5 -8.2 -7.7 3.34 0.00 -6.36 1.80 intercept -1.83
6 -5.7 -7.5 0.45 0.05 -4.58 8.54 slope 0.55
7 -4.8 -6.8 2.47 0.84 -3.94 8.21 steyx 1.20
8 0.2 3.8 43.18 132.58 -1.72 30.48
SUM -44.60 -54.00 54.61 140.38 SUM  (Squared Error) 93.10 SE 3.93 CM
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     Figure 4-16.  Variation plot for land subsidence; X-axis: GPS [cm], Y-axis: TerraSAR-X (below) 
results [cm]. 
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Pantai Mutiara (P1) has the standard error of estimate +/- 2.62, respectively, it is fairly 
substantial between X-Band and GPS data. Standard deviation of errors of measurement that are 
associated with test scores and to quantify a data test provide accurate scores of X-Band and 
GPS measurement. The mean measurement result of land subsidence in Pantai Mutiara is –7.30 
cm for GPS and –7.85  cm for X-Band. Based on standard deviation calculation, it can be known 
the standard deviation result are +/- 4.32 cm for GPS and +/- 5.06 cm for X-Band. Point 2 
(Cengkareng) has the standard error of estimate around +/- 4.91 cm between X-Band and GPS 
data. The mean measurement result of land subsidence in Cengkareng is – 8.59 cm for GPS and 
– 10.26 cm for X-Band. Based on standard deviation calculation, it can be known the standard 
deviation result are +/- 4.25 cm for GPS and +/- 5.98 cm for X-Band. Cakung (P3) has the 
standard error of estimate +/- 3.93, respectively. The mean measurement result of land 
subsidence in Cakung is – 6.37 cm  for GPS and – 7.71 cm for X-Band. Based on standard 
deviation calculation, it can be known the standard deviation result are +/- 2.79 cm for GPS and 
+/- 4.48 cm for X-Band. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4-17.  The Comparison of DInSAR results between TerraSAR-X and ALOS PALSAR. 
[L-band data are reproduced from (Bayuaji, 2010) with permission]  
 
P1 P2 P3
P2 P3P1
L-Band
X-Band
ALOS PALSAR (Bayuaji, 2010)
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The data validation between L-Band DInSAR results and leveling of GPS measurements 
were collected in study area. Diferrential interferometric SAR displacement results were 
georeferenced to local GPS coordinate  system and eventually imported into the geographic 
information system (GIS) database together with the ground data. The analysis of validation data 
were proper utilizing convention developed graphical GIS tools.  More validation details to ALOS 
PALSAR DInSAR see (Walter et al., 2008). For every point detected deformations area trough 
comprehensive GPS data were collected +/- 3 months. Every pair existent L-Band acquisition 
appropriate GPS terrestrial leveling date with a time gap 15 days (ALOS PALSAR) was 
examined. Seventh profiles along GPS terrestrial leveling track could be obtained for L-Band 
DInSAR results. Figure 4.17 and 4.19 described Cross section profile of Land Subsidence 
Contour on ALOS PALSAR result. Despite the fact larger time term disparities, a good 
corespondence among the DinSAR TerraSAR-X, ALOS PALSAR and the GPS terrestrial leveling 
results was monitored. Overestimation of vertical deformations of L-Band and X-Band was 
generated by partly decorrelation after a distance of (P1) 2450 m, (P2) 3500 m, and (P3) 1190 m 
(Figure 4.18). 
Figure 4.20 shows the dissimilarity at bisecting line which described obviously better 
result for L-Band. The ALOS PALSAR with better temporal and spatial resolution represents 
several necessary advantages appealed to the previous research on landslide displacement 
detection. In comparison to GPS terrestrial leveling on the previous research, significantly more 
DInSAR  could be detected with ALOS PALSAR especially for vegetated areas. Validation 
showed very good results for ALOS PALSAR with a standard deviation of about (P1) 2.46 cm, 
(P2) 3.72 cm, and (P3) 1.57 cm. The standard deviation also interprets the standard error of 
estimation. The standard deviation described us how deployment a distribution of values is with 
reverence to the distribution mean. The disadvantages of L-Band are low decorrelation in urban 
areas. Figure 4.20 described the plot analysis variation for land deformation in Jakarta Province 
based on L-Band DInSAR result and GPS leveling measurement. 
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Figure 4-18.  Comparison of Land Subsidence Measurement between GPS (red), ALOS PALSAR 
(green), and TerraSAR-X DInSAR results (blue) [cm] for Jakarta Urban Area. 
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Figure 4-19.  Cross section Profile of Land Subsidence Contour on ALOS PALSAR result. 
(P1) DInSAR 20070131-20081105 (P2) DInSAR 20070131-20081105 
(P3) DInSAR 20070131-20081105
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     Figure 4-20.  Variation plot for land subsidence; X-axis: GPS [cm], Y-axis: TerraSAR-X & 
ALOS PALSAR results [cm]. 
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The validation measurement between GPS terrestrial leveling and L-Band DInSAR 
results were interpreted statistically (Table 4.5). The standard error can represent a statistical 
limit that calculates the accuracy with which a sample represents a population. The standard error 
can be interpreted as a sample mean diverges from the actual mean of a population.  Describing 
to individual GPS leveling lines L-Band results indicated decrease variability of standard deviation 
and mean values appealed to GPS measurement result. Pantai Mutiara (P1) has the standard 
error of estimate +/- 5.51 cm, respectively, it is fairly substantial between L-Band and GPS data. 
Standard deviation of errors of measurement that are associated with test scores and to quantify 
a data test provide accurate scores of L-Band and GPS measurement. The mean measurement 
result of land subsidence in Pantai Mutiara is – 7.59 cm for GPS and – 10.27 cm for L-Band. 
Based on standard deviation calculation, it can be known the standard deviation result are +/- 
2.20 cm for GPS and +/- 2.71 cm for L-Band. Point 2 (Cengkareng) has the standard error of 
estimate around +/- 16.75 cm between L-Band and GPS data. The mean measurement result of 
land subsidence in Cengkareng is – 8.59 cm for GPS and – 17.38 cm for L-Band. Based on 
standard deviation calculation, it can be known the standard deviation result are +/- 4.25 cm for 
 
     Figure 4-21.  Variation plot for land subsidence; X-axis: GPS [cm], Y-axis: TerraSAR-X & 
ALOS PALSAR results [cm]. 
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GPS and +/- 7.97 cm for L-Band. Cakung (P3) has the standard error of estimate +/- 5.79 cm, 
respectively. The mean measurement result of land subsidence in Cakung is – 5.58 cm for GPS 
and – 8.25 cm for L-Band. Based on standard deviation calculation, it can be known the standard 
deviation result are +/- 2.66 cm for GPS and +/- 4.73 cm for L-Band. 
Table 4-5. Statistical Validation Data of ALOS PALSAR DInSAR Result. 
 
 
Type of Sensor Validation Points Mean (cm) STDEV(cm)
ALOS PALSAR 8 -10.27 2.71
GPS 8 -7.59 2.20
No GPS ALOS PALSAR STD GPS STD ALOS PALSAR Predicted Y Squared Error
1 -12.50 -16.47 24.13 38.46 -9.00 55.74
2 -6.30 -13.2 1.66 8.59 -6.30 47.55
3 -7.90 -11.75 0.10 2.19 -7.00 22.55
4 -9.60 -11.23 4.05 0.92 -7.74 12.17
5 -6.80 -10.5 0.62 0.05 -6.52 15.82 intercept 0.14
6 -9.20 -9.4 2.60 0.75 -7.57 3.36 slope 0.74
7 -8.40 -9.6 0.66 0.45 -7.22 5.67 steyx 1.95
8 2.3 1.8 97.76 145.65 -2.56 19.01
SUM -60.70 -82.15 33.82 51.42 SUM  (Squared Error) 181.86 SE 5.51 cm
Type of Sensor Validation Points Mean (cm) STDEV (cm)
ALOS PALSAR 8 -17.38 7.97
GPS 8 -8.59 4.25
No GPS ALOS PALSAR STD GPS STD ALOS PALSAR Predicted Y Squared Error
1 -13.3 -26.6 22.21 85.10 -6.41 407.46
2 -11.7 -21.9 9.69 20.48 -5.57 266.63
3 -7.9 -20.2 0.47 7.98 -3.57 276.60
4 -9.6 -18.1 1.03 0.53 -4.46 185.93
5 -6.8 -14.6 3.20 7.70 -2.99 134.82 intercept 0.59
6 -9.2 -18.2 0.38 0.68 -4.25 194.50 slope 0.53
7 -10.8 -19.8 4.90 5.88 -5.10 216.18 steyx 1.16
8 0.6 0.4 84.41 315.95 0.91 0.26
SUM -68.70 -139.00 126.27 444.30 SUM  (Squared Error) 1682.12 SE 16.75 cm
Type of Sensor Validation Points Mean (cm) STDEV (cm)
ALOS PALSAR 8 -8.25 4.73
GPS 8 -5.58 2.66
PantaiMutiara (P1)
Cengkareng (P2)
Cakung (P3)
No GPS ALOS PALSAR STD GPS STD ALOS PALSAR Predicted Y Squared Error
1 -8.2 -11.5 6.89 10.56 -5.68 33.92
2 -5.6 -11.2 0.00 8.70 -4.53 44.50
3 -6.9 -10.7 1.76 6.00 -5.10 31.33
4 -5.4 -10.4 0.03 4.62 -4.44 35.51
5 -8.2 -9.6 6.89 1.82 -5.68 15.40 intercept -1.36
6 -5.7 -8.2 0.02 0.00 -4.57 13.15 slope 0.51
7 -4.8 -7.3 0.60 0.90 -4.18 9.75 steyx 1.20
8 0.2 2.9 33.35 124.32 -1.26 17.31
SUM -44.60 -66.00 49.54 156.94 SUM  (Squared Error) 183.56 SE 5.79 cm
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4.1.4. Conclusions 
We have described the utilization of the differential synthetic aperture radar 
interferometry (DInSAR) analysis of TerraSAR-X data for detecting detailed conditions of land 
subsidence in the urban area of Jakarta. Centers of subsidence have been successfully located, 
and estimations have been made in the land subsidence areas. Most of the subsidence occurred 
in the northern part of the city during the time interval between 2010 and 2013. The maximum 
land subsidence rates detected for the three observation points are Pantai Mutiara (10.9 
cm/year), Cengkareng (17.5 cm/year) and Cakung (9.5 cm/year). The deformation in separate 
regions occurred with different types of land use. The local government planned several land use 
functions in northern part of Jakarta such as a seaport, reclamation areas, an international airport, 
trading centers, and industrial districts. The subsidence monitoring will be helpful for urban 
maintenance and development as one of influential factors that must be taken into consideration. 
The obvious advantage of TerraSAR-X data is its high spatial resolution with good 
geometrical accuracy, which supports well the land subsidence mapping. Describing to individual 
GPS leveling lines X-Band results indicated decrease variability of standard deviation and mean 
values appealed to GPS measurement result. Low level score of standard error of estimation in 
TerraSAR-X data indicate high levels of score accuracy and high level score of standard error of 
estimation in ALOS PALSAR data indicate low levels of score accuracy. Most of the city area in 
Jakarta is covered with artificial constructions with limited vegetation coverage. This situation is 
favorable for X-band SAR observation, since the shorter wavelength would not be suitable if the 
target land were covered with dense vegetation canopy. In this context, the data are useful also 
for building a DEM with detailed land elevation information. The satellite data covers much wider 
area when compared with ground-based observation using GPS. Nevertheless, the GPS data are 
valuable for examining the accuracy of DInSAR approach. The X-Band disadvantages has bigger 
atmosphere speckle in interferograms and rapid decorrelation in vegetated areas. 
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4.2. Monitoring on Landslide Hazard  
4.2.1. Description of Study Area 
The study area covers the whole Kayangan Catchment in Kulon Progo in Yogyakarta 
Province and Purworejo Regency (Figure 4.21). Kayangan Catchment is geographically located 
at 7°41‘ 24‖-7°48‘00‖ and 110o07‘12‖-110°13‘48‖. The study area extends 4 sub-districts i.e. 
Nanggulan, Kaligesing, Girimulyo and Samigaluh (Figure 4.22). The catchment area has 
complex terrain characteristics with elevation of 49-825 m (Hadmoko et al., 2008).  Also, the 
geological condition is complex, with some major faults in the middle part of the present study 
area. Geologically, the area consists of five formations (see Figure 4.23), i.e., Nanggulan 
formation (sandstone with intercalated of lignited, sandy marl, claystone with limonite concretion, 
intercalation of marl, sandstone and tuff), Kebobutak formation (andesitic breccias, tuff, lapilli tuff, 
aggromelare and andesitic lava flows), Jonggrangan formation (conglomerate, tuffaceous marl 
and calcareous sandstone, limestone, and coralline limestone), old andesit, colluviums; and 
alluvium Sentolo formation (limestone and marly sandstone) (Rahardjo et al., 2005). The 
geodynamic behavior is relatively dynamic and approximated by several major faults 
encompassing the catchment area. 
Kayangan Catchment has humid tropical climate characteristics. Because of strong 
orographic effect, annual precipitation is extremely variable, ranging from about 2500 to nearly 
4000 mm/year (Figure 4.25). Kayangan Catchment has been experiencing landslide hazard in 
certain areas; especially heavy rainfall that occurred on 16 February 2009 triggered a series of 
landslide events (Suara Merdeka, 2009). Climate conditions in this area are determined by 
rainfall, wind and temperature. Due to wet tropical climate with a relatively high temperature 
environment, denudational processes such as weathering, erosion and landslide are very 
intensive in most lithological settings (Hadmoko et al., 2008). Zaruba and Mencl (1982) pointed 
out a strong relationship between the landslide with the intensity and duration of rainfall in a 
region. Weather monitoring stations around the river basin that can be used to retrieve weather 
data in the catchment area include Girimulyo, Kokap and and Nanggulan stations. 
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Figure 4-22.  Location of study area: Kayangan Catchment, Indonesia. 
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In the present research, the DInSAR analysis is implemented on ALOS PALSAR data from 
2007 to 2009 to detect landslide events in Kayangan Catchment area, Yogyakarta Province, 
Indonesia (Figure 4.26). In this catchment, approximately 1211 ha (49.6%) is considered as 
 
Figure 4-23.  Administration Map of Kayangan Catchment, Indonesia. 
[Administration data are reproduced from Bakosurtanal with permission] 
YOGYAKARTA
Legend :
: Road
: Catchment Border
: Ephemeral River
: Intermittent River
: Regency Border
: Sub Regency Border
: Village Border
Projection : Universal Transverse Mercator
Source : RBI Map Scale 1:25.000
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highly vulnerable areas (Ignasius et al., 2012). Regional statistics (BPS, 2008) show that about 
88% are living in rural areas and 78 % households are working in agricultural sector. Although a 
significant portion of the landslides occurred after heavy precipitaion, multiple factors, both natural 
and anthropogenic, are closely related to the events. Fluvial erosion, excavation, and enhanced 
infiltrate on were among such causes, as suggested from the study of  landslides in Kayangan 
Catchment by using geographic information system (GIS) data of lithologycal map and digital 
elevation model (DEM) (Hadmoko et al., 2008, Ignasius and Nursa‘ban, 2012). To the best of the 
present authors‘ knowledge, the application of ALOS PALSAR data to detect landslides in 
Kayangan Catchment area has never been reported in previous literatures. In this paper, we 
suggest a new approach to analyze surface displacements due to landslides in Kayangan 
Catchment by using DInSAR processing of ALOS PALSAR data. The result of satellite analysis is 
compared with our ground survey data obtained in 2009 to confirm the reliability of the proposed 
method. We discuss the advantages and limitations of advanced DInSAR processing on ALOS 
PALSAR imaginary. It is found that the DInSAR technique is able to map slight surface 
deformation for a specific type of landslides. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4-24.  Description of typical landslide types in the Kayangan Catchment area: 
(a) slump and (b) transitional slide (USGS, 2004). 
[Typical landslide figure are reproduced from USGS with permission]  
 
 
 
(a) (b)
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Our field observations have shown that typical landslide types in Kayangan Catchment are 
slump and transitional slide as depicted in Figure 4.23. The transitional slide is often seen in rock 
layers and the material moves down a bedding plane or layer. Slump type has rotational 
movements in a slide and seen in unconsolidated material. No mixing takes place in the slump 
mass, and scarps are formed at the top of the sliding site.  
 
 
 
Figure 4-25.  Geology Map of Kayangan Catchment, Indonesia. 
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Figure 4-26.  Rainfall data in Girimulyo, Kokap and Nanggulan meteorological observation stations 
during 30 years between 1977 and 2006. 
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4.2.2. Data Availability 
4.2.2.1. ALOS PALSAR for Landslide Detection 
The ALOSPALSAR was designed to achieve high performance and flexibility with the L-band 
operation, following its predecessor, the Japanese Earth Resources Satellite-1 (JERS-1). Active 
phased array antenna equipment provides variable incidence angle ranging from 8 to 50 degrees, 
allowing the ScanSAR operation. In order to visually identify areas affected by landslides, we 
utilize the PALSAR images. Pairs of images acquired on 20 August 2007, 12 May 2008, 12 
August 2008 and 15 August 2008 are used here to compare the pre- and post-event situations of 
the Kayangan Catchment landslides. The data have the same observation parameters of center 
frame number 7020,  observation path number 432, and an off-nadir angle 34.3º. The spatial and 
temporal baseline information of each pair is listed in Table 4.6. 
There are two kinds of resolution in the DInSAR results, namely the spatial resolution and 
deformation resolution. Spatial resolution of ALOS PALSAR is varying depending on the 
observation modes: for fine beam single (FBS) mode, the maximum resolution in the range 
direction is 7 m. The resolution in azimuth direction depends on the number of  looks during 
processing: for example, ALOS PALSAR has azimuth resolution of 3.125 m and two looks lead to 
the maximum resolution of 7 m. Deformation resolution depends on the wavelength of the sensor. 
Short wavelength gives better resolution in some cases. In the case of ALOS PALSAR, the 
wavelength is 23.6 cm, leading to the typical deformation resolution of 11.6 cm. 
 
 
 
 
 
 
 
 
 
Here DInSAR processing has been performed on four different ALOS PALSAR level 1.0 data 
from different acquisition years of 2007-2009 with the JAXA/SIGMA SAR processing software 
(Shimada, 1999). The flowchart of data processing is illustrated in Figure 4.26. After image 
coregistration, DInSAR inter-ferogram is generated from each data pair. These DInSAR images 
are filtered using Goldstein and Werner filter with preconditioned conjugate gradient (Singhroy 
Table 4-6.  ALOSPALSAR image pairs and baseline information. 
Data Acquisition  
(RSP 432) Baseline 
(m) 
Perpendicular 
Baseline (m) 
Temporal 
Baseline 
(week) Master Slave 
12/05/2008 10/08/2007 -149.12 -567.00 36 
12/08/2008 10/08/2007 284.12 230.14 48 
12/08/2008 12/05/2008 433.05 796.98 12 
15/08/2009 10/08/2007 328.51 92.19 96 
15/08/2009 12/05/2008 477.50 659.10 60 
15/08/2009 12/08/2008 44.49 -137.76 48 
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and Molch, 2004). Then, the phase unwrapping process is implemented to recover the 
information on the ground deformation along the slant-range direction. In the case of 
ALOSPALSAR, the wavelength is 23.6 cm (L-band) and hence, each cycle in interferogram 
represents ground deformation of 11.8 cm. Finally all images are geocoded by conducting cubic 
convolution using Universal Transverse Mercator (UTM) transformation and by resampling the 
DInSAR data to 12.5 m resolution. 
We processed four SAR images recorded on the ascending mode with single HH 
polarization. Interpretations of change detection and thematic designation are conducted over the 
study area to construct a landslide susceptibility map, with the surface displacement distribution 
from the DInSAR analysis. Using a GIS platform (ArcMap GIS 9.3 and ENVI 4.8 software), all 
spatial data layers such as landcover, structure, slope and geology data as well as DEM including 
field observation data are composed to form a GIS-based landslide inventory database.  
 
Figure 4-27.  Flowchart of DInSAR Data Processing (Putri et al, 2013). 
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Our field observations of the landslide sites were conducted between 16 February 2009 (just 
after the heavy rainfall) through 21 February 2009 to observe landslide locations with their 
dimensions. Also, GPS measurements were made to detect locations that might  trigger slides in 
the future. In Figure 4.27, nine landslide locations are indicated on the relief map of the 
Kayangan Catchment area. Table 4.7 lists the observed length, displacement, and volume data 
from our GPS measurements. Landslide dimension of Kayangan area can be measured by 
several parameter, i.e. length of landslide (L), surface displacement (D), and volume of  landslide  
mass (V). 
 
Figure 4-28. Relief mapping of the study area with the spatial distribution of landslide events. 
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Table 4-7.  Landslide dimension (length L, displacement D, and volume V) for the 
nine points in Fig. 5 based on the GPS Measurement. 
Location L (m) D(m) V (m3) 
Point 1 100 70 206263.26 
Point 2 47.4 50 920.30 
Point 3 45.6 15.2 8857.46 
Point 4 35 15 3999.91 
Point 5 25 21.3 990.22 
Point 6 25.3 12.3 3310.15 
Point 7 18 3 1036.20 
Point 8 16.63 5.1 572.05 
Point 9 16 11.2 249.55 
             Source: Survey Measurement on 16 February 2009 
 
4.2.2.2. Landslide Location Inventory and Mapping 
In order to achieve the present research goal, three steps of landslide detection using 
DInSAR techniques were performed: (1) landslide inventory and mapping; (2) preparation of 
terrain parameter maps; (3) analysis of the relation between landslide distribution and terrain 
parameter maps. Landslide inventory and mapping have been performed by utilizing various 
sources of data. The information concerning the type, length and width of landslide bodies was 
also considered in the database. 
Terrain parameter maps were obtained from various data sources. The lithological map was 
constructed from existing geological maps (1:50,000) (Rahardjo et al., 2005). The slope map was 
obtained from a digital topographical map delivered by the National Agency of Survey and 
Mapping (1:25,000) (Bakosurtanal, 1997). To obtain the slope map and elevation map, a raster 
based DEM had been built by applying kriging interpolation using ILWIS software version 3.4. 
Drainage network, landuse map and road network map were obtained directly from an existing 
digital map (Bakosurtanal, 1997). Buffer analysis was applied to classify the distance between 
roads and drainage network. Six classes of distances are used in this research, namely, 0 – 25 
m; 25 – 50 m; 50 – 75 m; 75 – 100 m; 100 – 125 m; 125 – 150 m and > 150 m. Buffer analysis is 
employed to study the contribution of drainage and road networks to landslide occurrence. Spatial 
analysis of landslide distributionis conducted by overlaying the landslide distribution map on each 
terrain parameter map separately. 
87 
 
4.2.3. Results and Discussion 
4.2.3.1. Landslide Spatial Distribution 
The DInSAR image pair of 2007-2008 shows an average linear movement of 22.5 cm around 
the landslide area (Figure 4.28). The fringes area can be interpreted in the area where the 
ground moves far from the satellite can be showed in the color turns from blue to red. Ground 
validation using high resolution differential GPS from the field also supports this interpretation of 
the DInSAR image. From ground survey monitoring, we obtained the GPS locations of the 
landslides. Overlaying these points on the DInSAR imagery allows us to confirm the throne and 
the head of the landslides (Figure 4.28). The image analysis shows that there was a slight 
deformation along the slope of the potential landslide in the P1 area, at 409385 and 9146733 on 
 
Figure 4-29. DInSAR image on pair 120808/120809 with landslide GPS positions in the field 
survey. 
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UTM coordinate.  
On the basis of the GIS data processing, visual delineation of the PALSAR DInSAR image on 
pair 120808/120809 overlaid with vector data shows that an area of approximately 0.33 km2 has 
been affected at the upper part of Kayangan Catchment. Significant mass movement prior to the 
landslide was detected in our field observation conducted on 16 February 2009. On the other 
hand, the SAR processing yielded coherence images for each level 1.0 data of ALOS PALSAR 
as shown in Figure 4.29. Generating DInSAR images requires a pair of different acquisition 
images. Among the six pairs being processed, only two pairs, namely the pair images of August 
2008/August 2007 and August 2009/August 2007, have shown reasonably good coherence 
 
Figure 4-30. ALOS PALSAR DInSAR Images: (a) coherence image for each of the six pairs of DInSAR 
result. Red circles indicate the affected areas, and (b) DInSAR images for the six different 
pairs: (1)100807/120506, (2)120508/120808, (3)100807/120808, (4)100807/150809, 
(5)120808/150809, and (6)120508/150809. 
 
1a 2a 3a
1b 2b 3b
4b 5b 6b
4a 5a 6a
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(Figure 4.29.3b and 4b). Based on the theory, coherence in DInSAR images is partly caused by 
the baseline of the two different acquisition times of the satellite observations. Table 4.6 shows 
the parameters of the processed data pairs based on the observations in August 2007, May 
2008, August 2008, and August 2009. The August 2008 /August 2007 and August 2009/August 
2007 pairs have perpendicular baseline distances of 230.14 and 92.19 m, respectively. Beside 
this baseline factor, the coherence is also influenced by the atmospheric condition during the 
image acquisition, such as heavy rainfall.  
Figure 4.29 shows the values of surface displacement derived from the GPS measurement 
conducted on 16 February 2009, which also indicates the occurrence if landslides at all nine 
points (P1-P9). The maximum surface displacement calculated from the DInSAR results, on the 
other hand, were in a range from -5.2 to -57.9 cm/year. Figure 30 shows that the largest land 
subsidence occurred at P1, as indicated in both the GPS and DInSAR measurements. 
 
Figure 4-31.  Displacement measurement taken from the GPS measurement on 16 February 2009 and 
the maximum displacement from the DInSAR result between 12 August 2008 - 15 August 
2009. 
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To validate the DInSAR results and leveling of GPS measurements were collected in 
study area. Diferrential interferometric SAR displacement results were georeferenced to local 
GPS coordinate  system and eventually imported into the geographic information system (GIS) 
database together with the ground data. The analysis of validation data were proper utilizing 
convention developed graphical GIS tools.  More validation details to ALOS PALSAR DInSAR 
see (Walter et al., 2008). For every point detected deformations area trough comprehensive GPS 
data were collected +/- 3 months. Every pair existent L-Band acquisition appropriate GPS 
terrestrial leveling date with a time gap 15 days (ALOS PALSAR) was examined. Seventh profiles 
along GPS terrestrial leveling track could be obtained for L-Band DInSAR results. Figure 4.31 
described one of L-Band measurement example. Despite the fact larger time term disparities, a 
good corespondence among the DinSAR results and the GPS terrestrial leveling was monitored. 
Overestimation of vertical deformations of L-Band was generated by partly decorrelation after a 
distance of 200 m (Figure 4.31). 
The dissimilarity at bisecting line in Figure 4.32 indicates obviously better result for L-
Band. The ALOS PALSAR with better temporal and spatial resolution represents several 
necessary advantages appealed to the previous research on landslide displacement detection. In 
comparison to GPS terrestrial leveling on the previous research, significantly more DInSAR  could 
be detected with ALOS PALSAR especially for vegetated areas. Validation showed very good 
results for ALOS PALSAR with a standard deviation of about (P1) 9.49 cm, (P2) 49.59 cm, (P3) 
24.70 cm, (P4) 19.79 cm, (P5) 28.21 cm, (P6) 7.83 cm, (P7) 6.11 cm, (P8) 3.57 cm, and (P9) 
17.34 cm. The disadvantages of L-Band are low decorrelation in urban areas. Figure 4.32 shows 
the variation plot analysis for landslide in Kayangan Catchment area. 
The disparities between GPS terrestrial leveling measurement and DInSAR results were 
interpreted statistically (Table 4.8). The standard error can represent a statistical limit that 
calculates the accuracy with which a sample represents a population. Describing to individual 
GPS leveling lines L-Band results indicated decrease variability of standard deviation and mean 
values appealed to GPS measurement result. Point 1, Purwosari coordinate UTM X: 409385, Y: 
9146733 has the standard error of estimate +/-25 cm, respectively, it is fairly substantial between 
L-Band and GPS data.  The mean measurement result of land subsidence in P1  is -41.67 cm for 
GPS and – 51.74 cm for L-Band. Based on standard deviation calculation, it can be known the 
standard deviation result are +/-11.85 cm for GPS and +/-9.49 cm for L-Band.  
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Figure 4-32. Comparison of GPS (red) with ALOS PALSAR  DInSAR results (green) [cm]. 
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Table 4-8. Statistical Validation Data of ALOS PALSAR DInSAR Results. 
 
 
No GPS ALOS PALSAR STD GPS STD ALOS PALSAR Predicted Y Squared error
1 -70 -57.9 333.32 263.37 -79.85 481.61
2 -60.3 -39.5 73.22 4.72 -70.22 943.90
3 -47.9 -48.5 14.77 46.63 -57.92 88.77
4 -59.6 -43.9 61.73 4.97 -69.53 656.82
5 -46.8 -37.3 24.43 19.11 -56.83 381.44 intercept -10.40
6 -39.2 -35.9 157.32 33.31 -49.29 179.32 slope 0.99
7 -38.4 -28.7 178.03 168.26 -48.50 391.94 steyx 7.89
SUM -362.20 -291.70 842.84 540.35 SUM  (Squared Error) 3123.82 SE 25.00
P1 ( Purwosari Coordinate UTM X: 409385, Y: 9146733)
P2 (Purwosari Coordinat UTM X: 408369, Y: 9146853)
No GPS ALOS PALSAR STD GPS STD ALOS PALSAR Predicted Y Squared error
1 -15.2 -13.3 3.34 3.66 -18.01 22.17
2 -17.1 -11.9 13.90 0.26 -20.32 70.87
3 -12.9 -12.4 0.22 1.03 -15.21 7.91
4 -16.3 -13.9 8.58 6.32 -19.35 29.66
5 -11.8 -10.4 2.47 0.97 -13.88 12.08 intercept 0.47
6 -10.6 -9.2 7.68 4.78 -12.42 10.34 slope 1.22
7 -9.7 -8.6 13.48 7.76 -11.32 7.41 steyx 1.61
SUM -93.60 -79.70 49.67 24.79 SUM  (Squared Error) 160.44 SE 5.66
P3 (Kebon Harjo Coordinate UTM X: 406623, Y: 9147026)
P3 (Kebon Harjo Coordinate UTM X: 406623, Y: 9147026)
No GPS ALOS PALSAR STD GPS STD ALOS PALSAR Predicted Y Squared error
1 -15 -17.2 2.56 4.97 -13.43 14.21
2 -14.7 -15.2 1.69 0.05 -13.11 4.36
3 -16.6 -17.5 10.24 6.39 -15.13 5.63
4 -12.2 -14.9 1.44 0.01 -10.46 19.72
5 -13.1 -13.7 0.09 1.62 -11.41 5.22 intercept 2.48
6 -10.7 -12.9 7.29 4.29 -8.87 16.25 slope 1.06
7 -11.5 -13.4 3.61 2.47 -9.72 13.56 steyx 0.96
SUM -93.80 -104.80 26.92 19.79 SUM  (Squared Error) 78.95 SE 3.97
P4 (Purwosari Coordinate UTM X: 406273, Y: 9146844)
No GPS ALOS PALSAR STD GPS STD ALOS PALSAR Predicted Y Squared error
1 -21.3 -19.8 6.61 8.25 -22.94 9.86
2 -20.4 -18.4 2.79 2.17 -22.07 13.49
3 -19.3 -17.9 0.33 0.94 -21.01 9.69
4 -22.1 -16.5 11.37 0.18 -23.71 52.00
5 -17.3 -17.7 2.04 0.60 -19.09 1.92 intercept -2.42
6 -15.9 -14.3 8.00 6.91 -17.74 11.82 slope 0.96
7 -14.8 -13.9 15.43 9.17 -16.68 7.72 steyx 2.02
SUM -131.10 -118.50 46.57 28.21 SUM  (Squared Error) 106.50 SE 4.62
P5 (Kebon Harjo Coordinate UTM X: 406502, Y:  9147565)
No GPS ALOS PALSAR STD GPS STD ALOS PALSAR Predicted Y Squared error
1 -12.3 -9.4 1.44 0.28 -11.58 4.76
2 -11.2 -9.8 0.01 0.86 -11.43 2.65
3 -11.7 -8.2 0.36 0.45 -11.50 10.87
4 -12.8 -9.5 2.89 0.40 -11.65 4.63
5 -10.2 -8.6 0.81 0.07 -11.29 7.22 intercept -9.85
6 -9.1 -9.9 4.00 1.06 -11.13 1.52 slope 0.14
7 -10.4 -6.7 0.49 4.72 -11.31 21.29 steyx 1.40
SUM -77.70 -62.10 10.00 7.83 SUM  (Squared Error) 52.94 SE 3.25
P6 (Kebon Harjo Coordinate UTM X: 406856, Y:  9147926)
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Point 2 (P2) Purwosari coordinate UTM X: 408369, Y: 9146853 has the standard error of 
estimate around +/-56.06 cm between L-Band and GPS data. The mean measurement result of 
landslide P2 is -41.14 cm for GPS and –26.61 cm for L-Band. Based on standard deviation 
calculation, it can be known the standard deviation result are +/-7.76 cm for GPS and +/-2.87 cm 
for L-Band. The standard error can represent a statistical limit that calculates the accuracy with 
which a sample represents a population. The standard error can be interpreted as a sample 
mean diverges from the actual mean of a population.  Point 3 (P3) Kebon Harjo coordinate UTM 
X: 406623, Y: 9147026) has the standard error of estimate around +/-5.66 cm between L-Band 
and GPS data. The mean measurement result of landslide in P3 is -13.37 cm for GPS and –11.39 
cm for L-Band. Based on standard deviation calculation, it can be known the standard deviation 
result are +/-2.88 cm for GPS and +/-2.03 cm for L-Band. Point 4, Purwosari with coordinate UTM 
X: 406273, Y: 9146844 has the standard error of estimate +/-3.97 cm, respectively, it is fairly 
substantial between L-Band and GPS data.  The mean measurement result of land subsidence in 
P4 is -13.40 cm for GPS and – 14.97 cm for L-Band. Based on standard deviation calculation, it 
can be known the standard deviation result are +/-2.12 cm for GPS and +/-1.82 cm for L-Band. 
Continued: Table 4-8. Statistical Validation Results. 
 
 
No GPS ALOS PALSAR STD GPS STD ALOS PALSAR Predicted Y Squared error
1 -3 -5.2 0.09 2.04 -2.79 5.81
2 -4.1 -3.9 0.64 0.02 -3.52 0.15
3 -4.9 -4.7 2.56 0.86 -4.05 0.43
4 -3.8 -4.2 0.25 0.18 -3.32 0.78
5 -2.2 -2.5 1.21 1.62 -2.26 0.06 intercept -0.80
6 -2.7 -3.1 0.36 0.45 -2.59 0.26 slope 0.66
7 -2.4 -2.8 0.81 0.94 -2.39 0.17 steyx 0.80
SUM -23.10 -26.40 5.92 6.11 SUM  (Squared Error) 7.65 SE 1.24
P7 (Pendoworejo Coordinate UTM X: 409447, Y:  9143613)
No GPS ALOS PALSAR STD GPS STD ALOS PALSAR Predicted Y Squared error
1 -5.1 -7.5 0.60 0.38 -3.33 17.38
2 -5 -7.9 0.45 1.03 -3.28 21.39
3 -4.8 -6.2 0.22 0.47 -3.16 9.22
4 -4.7 -6.9 0.14 0.00 -3.11 14.38
5 -3.8 -7.5 0.28 0.38 -2.61 23.96 intercept -0.48
6 -3.7 -6.3 0.40 0.34 -2.55 14.07 slope 0.56
7 -3.2 -5.9 1.27 0.97 -2.27 13.17 steyx 0.67
SUM -30.30 -48.20 3.35 3.57 SUM  (Squared Error) 113.56 SE 4.77
P8 (Kebon Harjo Coordinate UTM X: 407257, Y:  9147651)
No GPS ALOS PALSAR STD GPS STD ALOS PALSAR Predicted Y Squared error
1 -11.2 -10.1 2.51 1.34 -11.36 1.58
2 -10.9 -11.7 1.65 7.60 -11.12 0.33
3 -11.6 -9.6 3.94 0.43 -11.66 4.26
4 -9.3 -8.2 0.10 0.55 -9.89 2.86
5 -8.4 -8.9 1.47 0.00 -9.20 0.09 intercept -2.71
6 -8.1 -7.4 2.29 2.38 -8.96 2.45 slope 0.77
7 -7.8 -6.7 10.89 5.03 -8.73 4.13 steyx 0.99
SUM -67.30 -62.60 22.87 17.34 SUM  (Squared Error) 15.69 SE 1.77
P9 (Kebon Harjo Coordinate UTM X: 406523, Y:  9147236)
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Point 5 (P5) Kebon Harjo coordinate UTM X: 406502, Y: 9147565 has the standard error of 
estimate around +/-4.62 cm between L-Band and GPS data. The mean measurement result of 
landslide P5 is -18.73 cm for GPS and –16.93 cm for L-Band. Based on standard deviation 
calculation, it can be known the standard deviation result are +/-2.79 cm for GPS and +/-2.17 cm 
for L-Band. The standard deviation of the prediction errors can be called as the standard error of 
estimate (SE). Point 6, Kebon Harjo with coordinate UTM X: 406856, Y:  9147926 has the 
standard error of estimate +/-3.25 cm, respectively, it is fairly substantial between L-Band and 
GPS data.  The mean measurement result of land subsidence in P6 is -11.10 cm for GPS and –
8.87 cm for L-Band. Based on standard deviation calculation, it can be known the standard 
deviation result are +/-1.29 cm for GPS and +/-1.14 cm for L-Band. Point 7 (P7) Pendoworejo 
coordinate UTM X: 409447, Y:  9143613 has the standard error of estimate around +/-1.24 cm 
between L-Band and GPS data. The mean measurement result of landslide P7 is -3.30 cm for 
GPS and –3.77 cm for L-Band. Based on standard deviation calculation, it can be known the 
standard deviation result are +/-0.99 cm for GPS and +/-1.01 cm for L-Band.  
The standard error of the mean (SE) is expresses its precision as an assess of the 
population mean () and the standard deviation of the sample mean. The standard error 
decreases occurred the evaluator is due to more information and serves more accurately when 
the sample size increases. Point 8, Kebon Harjo with coordinate UTM X: 407257, Y:  9147651 
has the standard error of estimate +/-4.77 cm, respectively, it is fairly substantial between L-Band 
and GPS data. The mean measurement result of land subsidence in P8 is -4.33 cm for GPS and 
–6.89 cm for L-Band. Based on standard deviation calculation, it can be known the standard 
deviation result are +/-4.33 cm for GPS and +/-6.89 cm for L-Band. Point 9 (P9) Kebon Harjo 
coordinate UTM X: 406523, Y:  9147236 has the standard error of estimate around +/-1.77 cm 
between L-Band and GPS data. The mean measurement result of landslide P9 is -9.61 cm for 
GPS and –8.94 cm for L-Band. Based on standard deviation calculation, it can be known the 
standard deviation result are +/-1.95 cm for GPS and +/-1.70 cm for L-Band.  
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Figure 4-33. Variation plot for land subsidence; X-axis: GPS [cm], Y-axis: ALOS PALSAR (below) 
results [cm]. 
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4.2.3.2. Terrain Parameters Spatial Distribution 
Nine landslide occurrences detected by DInSAR technique and fieldwork observation were 
mapped in the whole area of Kayangan Catchment. Most of the landslides were situated on the 
upper and middle zone of the study area. In the lower part of the study area, on the other hand, 
landslides were not detected due to flat terrain morphology. Based on our fieldwork data, two 
types of landslides were indentified, i.e. slide type and slump type (see Figure 4.23). Landslide 
that occurred at P6 was slump type while those at P1-P5 and P7-P8 were slide type. 
The following six terrain parameters are mapped in the study area (Figure 4.35): (a) 
elevation,  (b) slope, (c) distance to stream network, (d) geology,  (e) landuse, and (f) distance 
from road. The study area is dominated by elevation range below 100 m which is distributed in 
the southern part of Kayangan Catchment (6.25 km2) while the area with elevation range 200-300 
m covers only a small area (1.86 km2) (Figure 4.36a). Slope classification indicates that the 
 
 
   Figure 4-34. Variation plot for land subsidence; X-axis: GPS [cm], Y-axis: TerraSAR-X (below) 
results [cm]. 
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largest proportion of slope inclination is 30o-40o which is distributed across an area of 11.47 km2 
in the lower part of the drainage basin (Figure 4.35b). 
According to the buffer map of stream networks (Figure 4.35c), the study area is dominated 
by the distance more than >150 m from stream networks (10.54 km2) while the area with the 
distance 125-150 m covers only a small area (2.80 km2). All of the landslide locations are in 
Kebubotak formation (25.96 km2). Figure 4.35d shows the landslide locations on the geology 
map of Kayangan Catchment. Regarding the type of landuse (Figure 4.35e), the area is 
dominated by mixed garden which is distributed on a wide range of terrain conditions (17.74 km2). 
Mixed garden consists of cloves, bamboos, coconut trees and other types of hard trees. This 
landuse is usually associated with settlement which covers 4.55 km2. Agricultural activities are 
also dominant in Kayangan Catchment, represented by the surface of ricefield (5.5 km2) and 
dryland agriculture (7.12 km2). Figure 4.35f shows the road network. The study area has 
relatively well-conditioned roads even in the village area. Buffer class of road networks shows 
that landslide sites are located mainly at locations having a distance of  > 150 m (7.7 km2). 
 
 
 
 
   Figure 4-35. Several houses on the step slope in Kayangan Catchment. 
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   Figure 4-36. Terrain parameter maps of Kayangan Catchment with landslide locations and pie 
charts showing the area proportion of each terrain parameter value: (a) elevation,  (b) 
slope, (c) distance to stream network, (d) geology,  (e) landuse, and (f) distance from 
road. 
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4.2.3.3. Landslide and Terrain Parameters Analysis  
From the present data analysis of DInSAR and fieldwork measurements, it has been found 
that only one lithology type, namely Kebobutak Formation (25.96 km2) had been subjected to 
landslide occurrence. This land type has andesitic breccias, tuff, lapili tuff, agglomerate and 
andesitic lava flows. Thus, it is likely that strong weathering and fracturing of the andesite and 
andesitic breccia might have played an important role on landslides predisposition.    
The relationship between landslide occurrence and slope (Figure 4.33c-d) shows that 
steeper slopes have greater landslide frequency up to slope steepness of 30º – 40º. 
 
   Figure 4-37. Number of landslides, landslide area and landslide density for (a, b) elevation, (c, d) 
slope, (e, f), distance from stream, (g, h) geology, (i, j) landuse, and (k, l) distance from 
road. 
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Concentrated distributions of landslide sites can be found on moderately steep terrain, ranging 
from 30º to 40º (0.75 events per km2). However, inverse correlation has been seen between 
landslide occurrence and slope steepness when the slope angle is more than 40º. 
Theoretically, as the slope angle increases, the shear stress in the soil or other 
unconsolidated material generally increases and the landslide probability increases (Lee and 
Pradan, 2006). Gentle slopes are expected to have low frequency of landslides because of 
generally lower shear stresses associated with low gradients. However, this case is not always 
applicable for all types of terrains. For example, in the present study area, several landslide 
incidents can be found on the gentle-to-moderate slopes (less than 20º), presumably due to the 
role of other factors disturbing slope stability such as human activities (Paudel et al., 2000). Very 
steep slopes are sometimes absent from landslide activities because of the existence of resistant 
bedrocks and consolidated materials. These usually consist of non-arable land, leading to fewer 
influence of human activities. 
Landslide distribution overlaid on elevation data (Figure 4.36a) indicates a similar pattern. 
Landslide events increase significantly with increasing elevation up to 400 m, as depicted in 
Figure 4.336,b. Most of the landslides occurred in the elevation belt of 401-500 m. Number 
density and area density reached 0.41 events/km2 and 8.67 km2/1000km2, respectively. Below 
400 m altitude, the landscape is gentler: it becomes steeper as elevation rises due to the 
appearance of andesitic rocks and presence of underlying pyroclastic bedrocks. The present 
results are consistent with those of Dai and Lee (2002) in Lantau Island, Hongkong, and Paudel 
et al. (2007) in Mt. Aso, Japan. At very high elevations, there are mountain summits that generally 
consist of weathered rocks, in which the influence of shear stress is much stronger. At 
intermediate elevations, however, slopes tend to be covered by unconsolidated materials like 
colluviums, which is more prone to slide. 
The relationship between landslide frequency and stream network reveals that most of 
landslides are situated at distances less than 25 m from river (three events, which is equal to 0.54 
events/km2) (Figure 4.36e,f). Number density in less than 25 m reached 14.52 km2/1000km2. The 
landslide events occurred in the zone of 25-50 m, 75-100 m and 100-125 m from river. There is 
no apparent trend indicating decreasing of landslide frequency with the increasing distance from 
rivers. However, the landslide occurrence was the highest in the buffer zone less than 25 m, 
which indicates that most of bigger landslides are situated near the rivers. It is likely that this is 
due to the slope modification by gully erosion, which can influence the initiation of landslides. This 
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result confirms previous research by Dai and Lee (2002) who found that as drainage line 
increases, the frequency of landslide generally decreases. 
Analysis of landslide occurrence based on type of landuse shows that there are only four 
types of landuse that can lead to landslide occurrence, i.e., mixed garden, dryland agriculture, 
bush, and settlement (Figure 4.36i-j). Mixed garden is the landuse most susceptible to landslide 
(9 events) with the area and number density reaching 14.23 km2/1000 km2 and 0.34 events/km2, 
respectively. However, the highest number and area density of landslides have been identified in 
bush with the values of 20 events/km2 and 700 km2/1000 km2. Since both mixed vegetation and 
bush can be categorized into manmade terrain, human contribution under lies higher occurrence 
of landslides. 
In order to assess suchuman contribution, we have further analyzed landslide frequency in 
relation to the distance from road networks (Figure 4.36k,l). The majority of landslides occurred 
in zones with distances less than 25 m from nearby road network. Three landslide events have 
been mapped in this area with the number density and area density of 0.01 events per km2 and 
5.47 km2/1000 km2, respectively. This suggests that road networks play important role in 
landslide initiation, presumably by undercutting and removing the toe of slopes for constructions 
of roads or houses. Due to land limitation and low risk perception, for instance, local people tend 
to build their houses on step slopes as shown in Figure 4.34. 
 
4.2.4. Conclusions 
In this research, we have demonstrated the capability of remote sensing technique for 
monitoring landslide hazard in Kayangan Catchment of Kulon Progo, Yogyakarta, Indonesia. We 
have implemented DInSAR analysis of ALOS PALSAR image to estimate surface displacement 
of landslides in the study area. The L-band data of ALOS PALSAR have been successfully used 
to map active landslides over an area of 0.33 km2 by 28.49 km2 in the upper and middle parts of 
Kayangan Catchment. The maximum surface displacement rate sare 57.9 (P1), 30.5 (P2) and 
19.8 cm/year (P5). Thus, the present result shows that the DInSAR analysis of ALOS PALSAR 
data enables us to detect surface deformation in sub centimeter. Furthermore, the DInSAR result 
can also be used to generate a hazard  map of the area, since the L-band data show good terrain 
information irrespective of vegetation coverage. Based on Figure 4.35e the surface deformation 
in landslide area occurred in separate regions with different types of landuse such as mixed 
garden, dryland agriculture, and terrace rice.  
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The terrain parameters have different levels of contribution to landsliding which were 
indicated by density and frequency of landslide in each parameter. Comprehensive analysis of 
landslide and terrain parameter has revealed physical-natural factors (geology, slope, elevation, 
and distance to networks) and human activities that contribute to landslide occurrence in the 
study area. We found that human activities play an important role in landslide acceleration, 
particularly through slope cutting for houses and road construction.  
The continuation of DInSAR analysis based on ALOS PALSAR data can be combined with 
other studies to elucidate the cause of local landslide phenomenon and appropriate ideas for its 
prevention. We have found that DInSAR technique provides effective and low cost disaster 
monitoring process compared to conventional ground survey. In case disaster monitoring by 
detailed ground survey is inevitable, DInSAR technique can be applied as preliminary observation 
process since DInSAR result is able to give better spatial perspective rather than point 
perspective. This result is able to give useful information for disaster mitigation actions. Validation 
proved very good results for L-Band (ALOS PALSAR) with low standard deviation values. Further 
works must be carried out to validate the accuracy of the DInSAR image as it is still an estimation 
result. Validation with ground checked must also be carried out.  
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Chapter 5.  CONCLUSSIONS AND RECOMMENDATIONS  
5.1. Conclusions 
The comparison of X-band and L-band image data has been proven to be 
complementary, especially if supported by ground observation. The Synthetic Aperture Radar 
(SAR) ability to offer the image with high-resolution in all weather situations provides advantages 
for observing vegetated area and city regions. SAR is able to provide data day and night since it 
is an active sensor that brings its own illumination. SAR sensor detects changes of topographical 
and deformation by processing the coherency of microwave signal phase. These various features 
of SAR lead to development of Interferometry SAR (InSAR) and Differential Interferometry 
Synthetic Aperture Radar (DInSAR) technique. The speckle noise in the L-Band and X-Band is 
the nature of every SAR system. With the current technology, we are not able to remove it from 
the image. Instead, what we are able to do is just reducing the noise. Unfortunately, by using 
DINSAR technique the only way to reduce the noise is by filtering the Interferometry image before 
performing the unwrapping process. The stronger filtering process, the more reduction in the 
accuracy if the noise comes from the atmospheric effect. There is one technique to reduce 
atmospheric effect, which is called Persistent Scatterer InSAR (PS-InSAR). The problem with this 
methodology, however, is that quite a number of data are required for achieving PS-InSAR, but in 
reality SAR data availability is limited in certain areas. 
This dissertation have verified the usefulness of DInSAR technique when applied to 
detecting and monitoring natural disasters. DInSAR technique was applied to process X-Band 
TerraSAR-X data (3.1 cm wavelength) and L-Band ALOS PALSAR data (23.6 cm wavelength). 
The land deformation (ground displacement) was detectable in large spatial coverage. The result 
shows that DInSAR technique on TerraSAR-X and ALOS PALSAR is able to detect land 
subsidence in sub-centimeter accuracy in land deformation and landslide disaster cases. 
Although there are noises caused by many sources, the result is sufficient for detection and 
monitoring purposes. 
The result of study shows that land deformation and landslide area can be obtained using the 
developed technique. The TerraSAR-X imagery provides high spatial resolution and geometric 
accuracy that is appropriate for land subsidence mapping. Artificial constructions cover wider city 
area of Jakarta than vegetation. This situation is useful for X-band SAR observation, since the 
shorter wavelength does not work well if the target land is covered with dense vegetation canopy. 
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In this context, the data is also useful to build digital elevation model (DEM) mapping with detailed 
land elevation information. Since ALOS PALSAR has the longest wavelength (23.6 cm),  L-band 
SAR can penetrate vegetated areas and detect land deformation in those areas.  The L-band 
DInSAR yields good results of monitoring landslide hazard either in short or long time duration. 
This ability is beneficial to create temporal landslide monitoring map for further studies. A method 
to estimate surface displacement and landslide volume has also been derived and applied in this 
study. Continuous information of landslide hazard estimation is useful for field development of 
catchment area, particularly for planning and construction works. 
In the field of disaster monitoring, the DInSAR results can also be useful for obtaining 
maps of the hazardous area. X-band TerraSAR-X data shows good result on urban area. L-Band 
ALOS PALSAR data reveals good result on vegetated and urban area. Therefore, as a whole, 
this research has shown that DInSAR technique provide us with low-cost yet effective 
methodology for disaster monitoring. In case detail field survey is inevitable, DInSAR technique 
can be used in preliminary monitoring process. Furthermore, DInSAR technique gives better 
spatial perspective as compared point observation methods. 
To validate the DInSAR results, leveling and GPS measurement data were collected in 
the study areas. Differential interferometric SAR displacement results were georeferenced to 
locally marked GPS coordinate points. After georeferencing, the validated results and its 
corresponding ground data were imported into the geographic information system (GIS) 
database. The validated results were analyzed manually using developed graphical GIS tools. 
Compared to other sensors of the same type, the X-Band TerraSAR-X data provides the highest 
temporal and spatial resolution. Comparing the deformation rate from L-Band DInSAR data 
performed in previous works, X-Band DInSAR data provides significantly better deformation rates 
for urban regions and for regions with high deformation gradients. L-Band DInSAR data provided 
a spatial resolution of 15 meters while X-Band DInSAR data provides a resolution of 3 meters. In 
research areas with high displacement gradients, X-Band SAR data could be more reliably 
unwrapped than L-Band SAR data when using differential interferograms. Comparing the 
validation results of X-Band and L-Band DInSAR, X-Band provided better standard deviation 
values over L-Band. In DInSAR TerraSAR-X results, low standard error estimation values 
indicates a high accuracy. Since DInSAR ALOS PALSAR results has high standard error 
estimation values, this indicates a low accuracy. The disadvantages of X-Band observation are 
larger atmosphere speckles in interferograms and rapid decorrelation in vegetated areas. 
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Results of the proposed DInSAR technique provides useful information for disaster 
mitigation. Displacement maps from the processed DInSAR image can be integrated with 
susceptibility maps of landslide and land deformation disaster cases, especially for urban and 
tropical areas, to provide a definitive element for land deformation and landslide inventory 
database on disaster preparedness. 
 
5.2. Recommendations and future research  
Many factors caused noises in results of detection, which were exposed in single pair of 
repeated-pass satellite images. In urban and vegetated area, slow displacement can be showed 
properly in millimetre precision using Persistent Scatterer InSAR (PSInSAR) technique. Persistent 
Scatterer InSAR (PSInSAR) is depend on the InSAR data application with long term periode. The 
abundant data of TerraSAR-X in urban area and ALOS PALSAR in vegetated are is needed in 
PSInSAR technique.  
Data pairs having shorter revisited time are needed to obtain more accurate information, 
with reduced temporal decorrelation. In this research, vertical displacement has been detected. 
Higher resolution data are required to detect the horizontal displacement. Nowadays, TerraSAR-
X satellites have 11 days of revisit cycle and provides high spatial resolution of about 3 m. 
TerraSAR-X imagery has high geometric accuracy. In future, using PSInSAR technique in this 
satellite data provides better land deformation monitoring in urban area. This future application is 
important to reveal not only vertical displacement, but also horizontal displacement. Furthermore, 
applying DInSAR technique to TerraSAR-X data provides better ability in detecting and 
monitoring displacements that occur more rapidly. 
In Indonesia, the prevention and preparedness activities against landslide disasters are 
highly desirable as part of mitigation efforts. The SAR data can be used to make disaster 
monitoring map. The spatial resolution of TerraSAR-X (X-Band) is higher than that of ALOS 
PALSAR (L-Band). Thus, the X-band data are useful for creating disaster susceptibility maps on a 
detailed scale with higher accuracy. International Strategy for Disaster Reduction of United 
Nations supports various countries and individual research institutions to create database of 
landslide inventory.  To develop and sustain a comprehensive databases, active collaboration in 
landslide research communities will be important. 
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